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(57) ABSTRACT

By providing a pixel electrode layer in a center of a liquid
crystal layer sandwiched between a first common electrode
layer and a second common electrode layer, a structure in
which the following two optical elements are stacked can be
obtained: a first liquid crystal element including the first
common electrode layer, the liquid crystal layer, and the pixel
electrode layer; and a second liquid crystal element including
the pixel electrode layer, the liquid crystal layer, and the
second common electrode layer.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and a method for manufacturing the liquid crystal
display device.

[0003] 2. Description of the Related Art

[0004] As adisplay device which is thin and lightweight (a
so-called flat panel display), a liquid crystal display device
including a liquid crystal element, a light-emitting device
including a self light-emitting element, a field emission dis-
play (an FED), and the like have been competitively devel-
oped.

[0005] In addition, since many optical members such as a
polarizing plate and a backlight are used in a liquid crystal
display device, there are problems with the liquid crystal
display device in that, for example, cost or power consump-
tion needs to be reduced.

[0006] As a measure against the above problems, a liquid
crystal display device where neither a polarizing plate nor a
backlight is necessarily provided and polymer dispersed lig-
uid crystal is used, in which display is performed by utilizing
light scattered by liquid crystals has been researched (e.g., see
Non-Patent Document 1).

REFERENCE
Non-Patent Document

[0007] [Non-Patent Document 1] M. Minouraetal., SID 06
DIGEST, pp. 769-772

SUMMARY OF THE INVENTION

[0008] An object is to reduce power consumption of a lig-
uid crystal display device in which display is performed by
utilizing light scattered by liquid crystals.

[0009] Another object is to provide a liquid crystal display
device having higher visibility and image quality.

[0010] Polymer dispersed liquid crystal (PDLC) or poly-
mer network liquid crystal (PNLC) is used for a liquid crystal
layer so that white display (light display) is performed by
utilizing light scattered by liquid crystals. The liquid crystal
layer has a structure in which liquid crystal grains are dis-
persed in a polymer layer forming a polymer network.
[0011] A first common electrode layer and a second com-
mon electrode layer to which the same fixed potential is
supplied are provided so that the liquid crystal layer is sand-
wiched therebetween, and a pixel electrode layer is provided
in the liquid crystal layer between the first common electrode
layer and the second common electrode layer. When the pixel
electrode layer is provided in the center of the liquid crystal
layer, the first common electrode layer, the pixel electrode
layer, and the second common electrode layer are stacked
with the liquid crystal layer positioned between the pixel
electrode layer and the first common electrode layer and
between the pixel electrode layer and the second common
electrode layer.

[0012] Intheliquid crystal layer, in the case of applying no
voltage between the pixel electrode layer and the common
electrode layer (also referred to as an off state), the liquid
crystal grains dispersed in the polymer layer are oriented in a
random manner to cause a difference between the refractive
index of the polymer and the refractive index of the liquid
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crystal molecule, and incident light is thus scattered by the
liquid crystal grains to make the liquid crystal layer opaque
and clouded. Therefore, display that can be recognized from
the viewing side is also white display.

[0013] On the other hand, in the case of applying voltage
between the pixel electrode layer and the common electrode
layer (also referred to as an on state), an electric field is
generated in the liquid crystal layer, and the liquid crystal
molecules in the liquid crystal grains are oriented in the
direction of the electric field such that the refractive index of
the polymer corresponds with the refractive index in the short
axis of the liquid crystal molecule. Thus, incident light is
transmitted through the liquid crystal layer without being
scattered by the liquid crystal grains. Therefore, the liquid
crystal layer transmits light and is in a transparent state. In the
case where the liquid crystal layer is in a light-transmitting
state, display that can be recognized from the viewing side
depends on materials provided on the front and back sides of
the liquid crystal layer. Therefore, when a black layer or a
coloring layer is provided behind the liquid crystal layer (on
a side opposite to the viewing side), the black layer or the
coloring layer can be seen. Accordingly, a pixel displays
black on a display surface that can be recognized on the
viewing side; thus, black display (dark display) can be per-
formed. Note that in this specification, a coloring layer refers
to a layer exhibiting a color other than black and white.

[0014] The distance between the pixel electrode layer and
the first common electrode layer and the distance between the
pixel electrode layer and the second common electrode layer,
which are stacked with the liquid crystal layer positioned
therebetween, are set to distances at which liquid crystals in
the liquid crystal layer positioned between the pixel electrode
layer and the first common electrode layer and between the
pixel electrode layer and the second common electrode layer
can respond when appropriate voltage is applied between the
pixel electrode layer, and the first common electrode layer
and the second common electrode layer. The voltage to be
applied is controlled as appropriate in accordance with the
distances.

[0015] A structure body is provided over one of the com-
mon electrode layers (in this specification, the first common
electrode layer provided over an element substrate) so as to
project into the liquid crystal layer and the pixel electrode
layer is provided over the structure body, whereby the pixel
electrode layer can be positioned in the liquid crystal layer.
The position and shape of the pixel electrode layer in the
liquid crystal layer can be controlled by selecting the thick-
ness and shape of the structure body.

[0016] Inorder to generate highly uniform electric fields in
the liquid crystal layer, the pixel electrode layer is preferably
positioned in the liquid crystal layer so that the same interval
(distance) is provided between the pixel electrode layer and
the first common electrode layer and between the pixel elec-
trode layer and the second common electrode layer. There-
fore, it is preferable that the thickness of the structure body
formed under the pixel electrode layer be approximately half
of the maximum thickness of the liquid crystal layer (also
referred to as a cell gap of a liquid crystal display device).

[0017] The first common electrode layer and the second
common electrode layer between which the liquid crystal
layer is sandwiched have planar and flat shapes. Further, each
of the first common electrode layer and the second common
electrode layer with which common voltage is applied to all
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pixels can be formed as a continuous plate-shaped conductive
film in a pixel region including a plurality of pixels.

[0018] In contrast, the pixel electrode layer and the struc-
ture body do not have plate shapes but have shapes with
various opening patterns (slits) including a bent portion or a
branching comb-like shape, and openings provided in the
pixel electrode layer and the structure body can be filled with
the liquid crystal layer. Note that the first common electrode
layer is exposed in the openings of the pixel electrode layer
and the structure body.

[0019] Inthe liquid crystal display device of this specifica-
tion, white display is performed in such a manner that inci-
dent light is scattered by liquid crystal grains dispersed and
orientated in a random manner in the liquid crystal layer. The
liquid crystal layer preferably has high light scattering inten-
sity to perform favorable white display close to a plane of
paper. The light scattering intensity of the liquid crystal layer
is enhanced as the number of times of collision between light
and the liquid crystal grains dispersed in the liquid crystal
layer is increased; therefore, it is effective to enhance the light
scattering intensity of the liquid crystal layer by increasing
the thickness of the liquid crystal layer and increasing the
number of liquid crystal grains included in the liquid crystal
layer so that the number of times of collision between the light
entering the liquid crystal layer and the liquid crystal grains is
increased.

[0020] However, when the thickness of the liquid crystal
layer is increased, higher driving voltage is needed to make
the liquid crystal molecules respond and to drive a liquid
crystal element; as a result, power consumption is increased.
Moreover, when the driving voltage of the liquid crystal ele-
ment in which the thickness of the liquid crystal layer is
increased is lowered, the liquid crystal molecules respond
insufficiently in the liquid crystal element in an on state and
light transmittance is decreased; accordingly, the contrast of
the liquid crystal display device is decreased.

[0021] By providing the pixel electrode layer in the center
of the liquid crystal layer sandwiched between the first com-
mon electrode layer and the second common electrode layer,
a structure in which the following two optical elements are
stacked can be obtained: a first liquid crystal element includ-
ing the first common electrode layer, the liquid crystal layer,
and the pixel electrode layer; and a second liquid crystal
element including the pixel electrode layer, the liquid crystal
layer, and the second common electrode layer.

[0022] In the liquid crystal layer, the liquid crystal layer
positioned between the first common electrode layer and the
pixel electrode layer is controlled by an electric field gener-
ated between the first common electrode layer and the pixel
electrode layer. The liquid crystal layer positioned between
the pixel electrode layer and the second common electrode
layer is controlled by an electric field generated between the
pixel electrode layer and the second common electrode layer.
Since the thickness of the liquid crystal layer can be increased
by stacking the first liquid crystal element and the second
liquid crystal element, a high light scattering effect can be
obtained and favorable white display can be performed. Fur-
ther, the first liquid crystal element and the second liquid
crystal element are parallel to each other in a circuit; thus,
voltage for driving both the first liquid crystal element and the
second liquid crystal element can be the same as voltage for
driving one of the first liquid crystal element and the second
liquid crystal element.
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[0023] Therefore, even when the thickness of the liquid
crystal layer is increased for favorable white display, the
liquid crystal molecules can be made to respond without
increase in the driving voltage of the liquid crystal elements.
Consequently, in the liquid crystal display device, improve-
ment in contrast ratio and reduction in power consumption
can be achieved.

[0024] The structure body can be formed using an insulator
including an insulating material (an organic material or an
inorganic material). Typically, a visible light curable resin, an
ultraviolet curable resin, or a thermosetting resin is preferably
used. For example, an acrylic resin, an epoxy resin, an amine
resin, or the like can be used. Note that the structure body may
have a stacked-layer structure of plural thin films.

[0025] The structure body can have a columnar shape, a
truncated conical or pyramidal shape with a flat top surface
and a trapezoidal cross section, a conical or pyramidal shape
with a rounded dome top, or the like. In this specification, the
structure body is provided between the first common elec-
trode layer and the pixel electrode layer so that the first
common electrode layer and the pixel electrode layer are
insulated from each other, and thus preferably has a shape
which makes it difficult for the first common electrode layer
and the pixel electrode layer to be in contact with each other.
For example, a columnar structure body having an inverse
tapered shape whose cross section is a trapezoid where the
area of a plane in contact with the pixel electrode layer is
larger than that of a plane in contact with the first common
electrode layer, or the like is preferable.

[0026] When a material having a light-transmitting prop-
erty with respect to visible light is used for the structure body,
display using a black layer (or a coloring layer) provided
under the structure body (on the side opposite to the viewing
side) is not interrupted in the case where the liquid crystal
layer is in a transparent state. The structure body may be
formed using a material colored in black or another color and
may be used as a black layer or a coloring layer.

[0027] Further, the structure body may be a continuous film
having a plurality of projections.

[0028] The pixel electrode layer may be formed using a
reflective conductive layer or a light-transmitting conductive
layer. In performing white display, when the pixel electrode
layer has reflectivity, incident light is reflected to the liquid
crystal layer side by the pixel electrode layer even if the light
passes through the liquid crystal layer without being scat-
tered; thus, the light can be efficiently scattered in the liquid
crystal layer and visibility of white display can be improved.
On the other hand, when the pixel electrode layer has a light-
transmitting property, display using a black layer (or a color-
ing layer) provided under the pixel electrode layer (on the side
opposite to the viewing side) is not interrupted in the case
where the liquid crystal layer is in a transparent state.
[0029] Thesecond common electrode layer provided on the
viewing side is formed using a light-transmitting conductive
layer. The first common electrode layer provided on the side
opposite to the viewing side may be formed using a light-
transmitting conductive layer or may be formed using a con-
ductive layer exhibiting black with the use of a black conduc-
tive material to function also as a black layer.

[0030] The coloring layer may be positioned so that visibil-
ity can be secured and color display can be performed in the
case where the liquid crystal layer transmits light. The color-
ing layer is preferably provided under the pixel electrode
layer or the first common electrode layer (on the side opposite
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to the viewing side). Alternatively, the structure body or an
interlayer film provided under the first common electrode
layer can also serve as a coloring layer.

[0031] The provision of the black layer as a coloring layer
can provide a liquid crystal display device which produce
black-and-white (monochrome) display. In addition, when a
coloring layer of a chromatic color such as a red layer, a green
layer, or a blue layer is used instead of the black layer, the
chromatic color can be displayed. Therefore, the selection of
multiple colors for the coloring layer can also provide a liquid
crystal display device for full-color display.

[0032] One embodiment of a structure of the invention
disclosed in this specification is a liquid crystal display device
including a first substrate and a second substrate between
which a liquid crystal layer including a polymer dispersed
liquid crystal material is sandwiched; a plate-shaped first
common electrode layer provided between the first substrate
and the liquid crystal layer; a plate-shaped light-transmitting
second common electrode layer provided between the second
substrate and the liquid crystal layer; and a structure body and
a pixel electrode layer that have an opening and are stacked
between the first common electrode layer and the liquid crys-
tal layer. In the liquid crystal layer, the pixel electrode layer is
positioned between the first common electrode layer and the
second common electrode layer by the structure body.
[0033] Another embodiment of a structure of the invention
disclosed in this specification is a liquid crystal display device
including a first substrate and a second substrate between
which a liquid crystal layer including a polymer dispersed
liquid crystal material is sandwiched; a plate-shaped light-
transmitting first common electrode layer provided between
the first substrate and the liquid crystal layer; a plate-shaped
light-transmitting second common electrode layer provided
between the second substrate and the liquid crystal layer; a
structure body and a pixel electrode layer that have an open-
ing and are stacked between the first common electrode layer
and the liquid crystal layer; and a coloring layer provided
between the first substrate and the first common electrode
layer. In the liquid crystal layer, the pixel electrode layer is
positioned between the first common electrode layer and the
second common electrode layer by the structure body.
[0034] By providing the pixel electrode layer in the center
of the liquid crystal layer sandwiched between the first com-
mon electrode layer and the second common electrode layer,
a structure in which the following two optical elements are
stacked can be obtained: a first liquid crystal element includ-
ing the first common electrode layer, the liquid crystal layer,
and the pixel electrode layer; and a second liquid crystal
element including the pixel electrode layer, the liquid crystal
layer, and the second common electrode layer.

[0035] Therefore, even when the thickness of the liquid
crystal layer is increased for favorable white display, liquid
crystal molecules can be made to respond without increase in
the driving voltage of the liquid crystal elements. Conse-
quently, in the liquid crystal display device, improvement in
contrast ratio and reduction in power consumption can be
achieved.

[0036] A liquid crystal display device having higher vis-
ibility and image quality can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] In the accompanying drawings:
[0038] FIGS. 1A and 1B illustrate one embodiment of a
liquid crystal display device;
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[0039] FIGS. 2A to 2C illustrate embodiments of a liquid
crystal display device;

[0040] FIG. 3 illustrates one embodiment of a liquid crystal
display device;

[0041] FIGS. 4A and 4B illustrate one embodiment of a
liquid crystal display device;

[0042] FIGS. 5A to 5C illustrate embodiments of a liquid
crystal display module;

[0043] FIG. 6 illustrates one embodiment of a liquid crystal
display module;
[0044] FIGS. 7A to 7D illustrate embodiments of a transis-

tor that can be applied to a liquid crystal display device;
[0045] FIGS. 8A to 8E illustrate one embodiment of a
transistor that can be applied to a liquid crystal display device
and one embodiment of a method for manufacturing the tran-
sistor;

[0046] FIG.9illustrates one embodiment of a liquid crystal
display device;
[0047] FIG. 10 illustrates one embodiment of a liquid crys-

tal display device;

[0048] FIG. 11 is a timing chart illustrating one embodi-
ment of a method for driving a liquid crystal display device;
[0049] FIGS. 12A and 12B are timing charts illustrating
embodiments of a method for driving a liquid crystal display
device;

[0050] FIG. 13 illustrates one embodiment of a method for
driving a liquid crystal display device;

[0051] FIGS. 14A and 14B illustrate an electronic device;
[0052] FIGS. 15A and 15B illustrate an electronic device;
[0053] FIGS.16Ato16D illustrate embodiments ofa liquid

crystal display device; and
[0054] FIGS. 17A and 17B show calculation results of an
electric field mode of a liquid crystal display device.

DETAILED DESCRIPTION OF THE INVENTION

[0055] Embodiments will be described in detail with refer-
ence to the drawings. Note that the invention disclosed in this
specification is not limited to the following description, and it
is easily understood by those skilled in the art that modes and
details can be modified in a variety of ways without departing
from the spirit and scope of the invention. Therefore, the
invention is not construed as being limited to the description
ofthe embodiments below. In the structures to be given below,
the same portions or portions having similar functions are
denoted by the same reference numerals in different draw-
ings, and explanation thereof will not be repeated.

[0056] Note that the ordinal numbers such as “first,” “sec-
ond,” and “third” in this specification are used for conve-
nience and do not denote the order of steps and the stacking
order of layers. In addition, the ordinal numbers in this speci-
fication do not denote particular names which specify the
invention.

2 ¢
S

Embodiment 1

[0057] Aliquidcrystal display device which is one embodi-
ment of a structure of the invention disclosed in this specifi-
cation will be described with reference to FIGS. 1A and 1B,
FIGS.2At02C, and FIG. 3. FIG. 1A is a plan view of a liquid
crystal display device, and FIG. 1B, FIGS. 2A to 2C, and FIG.
3 are cross-sectional views along line A1-A2 in FIG. 1A. Note
that the plan view of FIG. 1A illustrates a first substrate 200
side and a liquid crystal layer 208, a second common elec-
trode layer 231, and a second substrate 201 are omitted. In
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FIGS. 1A and 1B, FIGS. 2A to 2C, and FIG. 3, the viewing
side is a second substrate 201 side of the liquid crystal layer
208, and the first substrate 200 side is a side opposite to the
viewing side.

[0058] FIGS. 1A and 1B illustrate the liquid crystal display
device in which the first substrate 200 provided with a first
common electrode layer 232, a pixel electrode layer 230
(230a, 23056, and 230c¢), and a structure body 233 (233a,
233b, and 233¢) and the second substrate 201 provided with
the second common electrode layer 231 are arranged so as to
face each other with the liquid crystal layer 208 sandwiched
therebetween.

[0059] Note that the pixel electrode layer 230 in the plan
view of FIG. 1A has a shape with an opening pattern, and thus
is illustrated as a plurality of divided pixel electrode layers
230a, 2305, and 230c¢ in the cross-sectional views of FIG. 1B,
FIGS.2A 10 2C, and FIG. 3. Similarly, the structure body 233
(notshown in FIG. 1A) formed under the pixel electrode layer
230 in the plan view of FIG. 1A has a shape with an opening
pattern, and thus is illustrated as a plurality of divided struc-
ture bodies 233a, 2335, and 233 ¢ in the cross-sectional views
of FIG. 1B, FIGS. 2A to 2C, and FIG. 3. In this manner, a
pixel electrode layer and a structure body with opening pat-
terns in this specification are each illustrated as a continuous
film in a plan view; in a cross-sectional view along line
crossing the opening in the plan view, the pixel electrode layer
and the structure body are illustrated as a plurality of divided
pixel electrode layers or a plurality of divided structure bod-
ies.

[0060] The first common electrode layer 232 and the sec-
ond common electrode layer 231 to which the same fixed
potential is supplied are provided so that the liquid crystal
layer 208 is sandwiched therebetween, and the pixel electrode
layers 230a, 2305, and 230c are provided in the liquid crystal
layer 208 between the first common electrode layer 232 and
the second common electrode layer 231. When the pixel
electrode layers 230a, 2305, and 230c¢ are provided in the
center of the liquid crystal layer 208, the first common elec-
trode layer 232, the pixel electrode layers 230a, 2305 and
230c, and the second common electrode layer 231 are stacked
with the liquid crystal layer 208 positioned between the pixel
electrode layers 230qa, 2305, and 230c¢ and the first common
electrode layer 232 and between the pixel electrode layers
230a, 2304, and 230c and the second common electrode layer
231.

[0061] The first common electrode layer 232 and the sec-
ond common electrode layer 231 between which the liquid
crystal layer 208 is sandwiched have planar and flat shapes.
Further, each of the first common electrode layer 232 and the
second common electrode layer 231 with which common
voltage is applied to all pixels can be formed as a continuous
plate-shaped conductive film in a pixel region including a
plurality of pixels.

[0062] In contrast, the pixel electrode layer 230 and the
structure body 233 do not have plate shapes but have shapes
with various opening patterns (slits) including a bent portion
or a branching comb-like shape, and openings provided in the
pixel electrode layer 230 and the structure body 233 can be
filled with the liquid crystal layer 208. Note that the first
common electrode layer 232 is exposed in the openings of the
pixel electrode layer 230 and the structure body 233.

[0063] FIGS. 16A to 16D illustrate examples of the first
common electrode layer 232 (the same for the second com-
mon electrode layer 231) and examples of the pixel electrode
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layer 230. As illustrated in FIGS. 16A to 16D, first common
electrode layers 232d to 232g and pixel electrode layers 2304
to 230g are arranged so as to overlap with each other, and
structure bodies are formed between the first common elec-
trode layers 232d to 232g and the pixel electrode layers 2304
to 230g.

[0064] As illustrated in the top views of FIGS. 16A to 16D,
the pixel electrode layers 230d to 230g formed to have various
patterns are provided over the first common electrode layers
232d10232g. InFIG. 16, the pixel electrode layer 230d over
the first common electrode layer 2324 has a V-like shape. In
FIG. 16B, the pixel electrode layer 230e over the first com-
mon electrode layer 232¢ has a concentric circular shape. In
FIG.16C, the pixel electrode layer 230fover the first common
electrode layer 232/ has a comb-like shape in which the
electrodes are engaged with each other. In FIG. 16D, the pixel
electrode layer 230g over the first common electrode layer
232g has a comb-like shape. Although not being illustrated,
second common electrode layers 231d to 231g facing the first
common electrode layers 2324 to 232g are conductive layers
having plate shapes similar to those of the first common
electrode layers 2324 to 232g.

[0065] Polymer dispersed liquid crystal (PDLC) or poly-
mer network liquid crystal (PNLC) is used for the liquid
crystal layer 208 so that white display (light display) is per-
formed by utilizing light scattered by liquid crystals. The
liquid crystal layer 208 has a structure in which liquid crystal
grains are dispersed in a polymer layer forming a polymer
network.

[0066] An operation principle of polymer dispersed liquid
crystal will be described. In the liquid crystal layer 208, in the
case of applying no voltage between the pixel electrode layers
230a, 2305, and 230c¢ and the first common electrode layer
232 and between the pixel electrode layers 230a, 2305, and
230c¢ and the second common electrode layer 231 (also
referred to as an off state), the liquid crystal grains dispersed
in the polymer layer are oriented in a random manner to cause
a difference between the refractive index of the polymer and
the refractive index of the liquid crystal molecule, and inci-
dent light is thus scattered by the liquid crystal grains to make
the liquid crystal layer 208 opaque and clouded. Therefore,
display that can be recognized from the viewing side is also
white display.

[0067] On the other hand, in the case of applying voltage
between the pixel electrode layers 230a, 2305, and 230c¢ and
the first common electrode layer 232 and between the pixel
electrode layers 230a, 2305, and 230c¢ and the second com-
mon electrode layer 231 (also referred to as an on state), an
electric field is generated in the liquid crystal layer 208, and
the liquid crystal molecules in the liquid crystal grains are
oriented in the direction of the electric field such that the
refractive index of the polymer corresponds with the refrac-
tive index in the short axis of the liquid crystal molecule.
Thus, incident light is transmitted through the liquid crystal
layer 208 without being scattered by the liquid crystal grains.
Therefore, the liquid crystal layer 208 transmits light and is in
a transparent state.

[0068] The distance between the pixel electrode layer 230
and the first common electrode layer 232 and the distance
between the pixel electrode layer 230 and the second common
electrode layer 231, which are stacked with the liquid crystal
layer 208 positioned therebetween, are set to distances at
which liquid crystals in the liquid crystal layer 208 positioned
between the pixel electrode layer 230 and the first common
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electrode layer 232 and between the pixel electrode layer 230
and the second common electrode layer 231 can respond
when appropriate voltage is applied between the pixel elec-
trode layer 230, and the first common electrode layer 232 and
the second common electrode layer 231. The voltage to be
applied is controlled as appropriate in accordance with the
distances.

[0069] The structure body 233 is provided over one of the
common electrode layers (in this embodiment, the first com-
mon electrode layer 232 provided over the first substrate 200)
so as to project into the liquid crystal layer 208 and the pixel
electrode layer 230 is provided over the structure body 233,
whereby the pixel electrode layer 230 can be positioned in the
liquid crystal layer. The position and shape of the pixel elec-
trode layer 230 in the liquid crystal layer 208 can be con-
trolled by selecting the thickness and shape of the structure
body 233.

[0070] Inorder to form highly uniform electric fields in the
liquid crystal layer 208, the pixel electrode layer 230 is pref-
erably positioned in the liquid crystal layer so that the same
interval (distance) is provided between the pixel electrode
layer 230 and the first common electrode layer 232 and
between the pixel electrode layer 230 and the second common
electrode layer 231. Therefore, it is preferable that the thick-
ness of the structure body 233 formed under the pixel elec-
trode layer 230 be approximately half of the maximum thick-
ness of the liquid crystal layer 208 (also referred to as a cell
gap of the liquid crystal display device).

[0071] In the liquid crystal display device which is one
embodiment of a structure of the invention disclosed in this
specification, white display is performed in such a manner
that incident light is scattered by the liquid crystal grains
dispersed and orientated in a random manner in the liquid
crystal layer 208. The liquid crystal layer 208 preferably has
high light scattering intensity to perform favorable white
display close to a plane of paper. The light scattering intensity
of the liquid crystal layer 208 is enhanced as the number of
times of collision between light and the liquid crystal grains
dispersed in the liquid crystal layer 208 is increased; there-
fore, it is effective to enhance the light scattering intensity of
the liquid crystal layer 208 by increasing the thickness of the
liquid crystal layer 208 and increasing the number of liquid
crystal grains included in the liquid crystal layer 208 so that
the number of times of collision between the light entering the
liquid crystal layer 208 and the liquid crystal grains is
increased.

[0072] However, when the thickness of the liquid crystal
layer 208 is increased, higher driving voltage is needed to
make the liquid crystal molecules respond and to drive a
liquid crystal element; as a result, power consumption is
increased. Moreover, when the driving voltage of the liquid
crystal element in which the thickness of the liquid crystal
layer 208 is increased is lowered, the liquid crystal molecules
respond insufficiently in the liquid crystal element in an on
state and light transmittance is decreased; accordingly, the
contrast of the liquid crystal display device is decreased.
[0073] By providing the pixel electrode layer 230 in the
center of the liquid crystal layer 208 sandwiched between the
first common electrode layer 232 and the second common
electrode layer 231, a structure in which the following two
optical elements are stacked can be obtained: a first liquid
crystal element including the first common electrode layer
232, the liquid crystal layer 208, and the pixel electrode layer
230; and a second liquid crystal element including the pixel
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electrode layer 230, the liquid crystal layer 208, and the
second common electrode layer 231.

[0074] FIG. 17B shows results of calculating an electric
field applied in a liquid crystal display device. The calculation
was performed using LCD Master, 2s Bench manufactured by
SHINTECH, Inc.

[0075] FIG. 17A shows a structure of the liquid crystal
display device used for the calculation. The structure in FIG.
17A corresponds to that in FIG. 1B. An insulator with a
dielectric of 4 was used as the structure bodies 233a, 2335,
and 233c, and the cross-sectional widths thereof were each set
to 5 um. The structure bodies 233a, 2335, and 233¢ each have
a thickness (height) of 10 um. Here, the thicknesses (heights)
of the structure bodies 233a, 2335, and 233¢ are each a
maximum thickness (height) from a bottom surface (the first
substrate 200).

[0076] InFIGS. 17A and 17B, the first common electrode
layer 232 formed over the first substrate 200 and the second
common electrode layer 231 formed on the second substrate
201 are arranged with the liquid crystal layer 208 sandwiched
therebetween. Further, the structure bodies 233a, 2335, and
233c¢ and the pixel electrode layers 230a, 2305, and 230c are
stacked over the first common electrode layer 232. The thick-
nesses of the pixel electrode layers 230a, 2305, and 230c¢, the
first common electrode layer 232, and the second common
electrode layer 231 are each 0.5 um. The distance between the
first substrate 200 and the second substrate 201, which cor-
responds to the cell gap (the maximum thickness of the liquid
crystal layer), is 20 um.

[0077] FIG. 17B shows results of calculation performed on
the structure in FIG. 17A. The calculation was performed
under the following conditions: the first common electrode
layer 232 and the second common electrode layer 231 were
set at 0V, and the pixel electrode layers 230a, 2305, and 230c
were set at 10V,

[0078] InFIG.17B, a solid line represents an equipotential
line, and the equipotential lines are formed parallel to sur-
faces of the first substrate 200 and the second substrate 201,
between the first common electrode layer 232 and the pixel
electrode layers 230a, 2305, and 230c¢ and between the pixel
electrode layers 230a, 23056, and 230c¢ and the second com-
mon electrode layer 231.

[0079] Since an electric field is generated perpendicular to
an equipotential line, it can be confirmed that an electric field
is applied to the liquid crystal layer 208 in the direction
perpendicular to the first substrate 200 and the second sub-
strate 201 (in the longitudinal direction) as shown in FIG.
17B.

[0080] Thus, in the liquid crystal layer 208, the liquid crys-
tal layer 208 positioned between the first common electrode
layer 232 and the pixel electrode layer 230 is controlled by an
electric field generated between the first common electrode
layer 232 and the pixel electrode layer 230. The liquid crystal
layer 208 positioned between the pixel electrode layer 230
and the second common electrode layer 231 is controlled by
an electric field generated between the pixel electrode layer
230 and the second common electrode layer 231. Since the
thickness of the liquid crystal layer 208 can be increased by
stacking the first liquid crystal element and the second liquid
crystal element, a high light scattering effect can be obtained
and favorable white display can be performed. Further, the
first liquid crystal element and the second liquid crystal ele-
ment are parallel to each other in a circuit; thus, voltage for
driving both the first liquid crystal element and the second
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liquid crystal element can be the same as voltage for driving
one of the first liquid crystal element and the second liquid
crystal element.

[0081] Therefore, even when the thickness of the liquid
crystal layer 208 is increased for favorable white display, the
liquid crystal molecules can be made to respond without
increase in the driving voltage of the liquid crystal elements.
Consequently, in the liquid crystal display device, improve-
ment in contrast ratio and reduction in power consumption
can be achieved.

[0082] Polymerdispersed liquid crystal that can be used for
the liquid crystal layer 208 is a liquid crystal system in which
a layer where liquid crystals are dispersed in polymer is used
asaliquid crystal layer. The liquid crystal is a micrograin with
a diameter of approximately greater than or equal to 0.1 um
and less than or equal to 20 um (typically approximately 1
um). Note that a polymer dispersed liquid crystal (PDLC)
mode is employed as a driving method.

[0083] Alternatively, polymer network liquid crystal
(PNLC) may be used. A polymer network liquid crystal mode
is a liquid crystal system in which a layer where liquid crys-
tals are continuously arranged in a polymer network is used as
a liquid crystal layer.

[0084] The liquid crystal layer 208 has a structure in which
liquid crystal grains are dispersed in a polymer layer forming
a polymer network. As the liquid crystal grains, nematic
liquid crystal can be used.

[0085] A photocurable resin can be used for the polymer
layer. The photocurable resin may be a monofunctional
monomer such as acrylate or methacrylate; a polyfunctional
monomer such as diacrylate, triacrylate, dimethacrylate, or
trimethacrylate; or a mixture thereof. Further, the photocur-
able resin may have liquid crystallinity, non-liquid crystallin-
ity, or both of them. A resin which is cured with light having
a wavelength with which a photopolymerization initiator to
be used is reacted may be selected as the photocurable resin,
and an ultraviolet curable resin can be typically used.

[0086] For example, the liquid crystal layer 208 can be
formed in such a manner that a liquid crystal material includ-
ing liquid crystal grains using nematic liquid crystal, a poly-
mer layer using a photocurable resin, and a photopolymeriza-
tion initiator is irradiated with light having a wavelength with
which the photocurable resin and the photopolymerization
initiator are reacted and cured.

[0087] As the photopolymerization initiator, a radical poly-
merization initiator which generates radicals by light irradia-
tion, an acid generator which generates an acid by light irra-
diation, or a base generator which generates a base by light
irradiation may be used.

[0088] Asamethod for forming the liquid crystal layer 208,
a dispenser method (a dropping method) or an injecting
method by which a liquid crystal is injected using a capillary
phenomenon after the first substrate 200 and the second sub-
strate 201 are bonded to each other can be used.

[0089] The cell gap that is a thickness of the liquid crystal
layer 208 may be greater than or equal 5 pum and less than or
equal to 30 um (preferably greater than or equal to 10 pm and
less than or equal to 20 pm). In this specification, the thick-
ness of a cell gap refers to the length (film thickness) of a
thickest part of a liquid crystal layer.

[0090] The structure body 233 can be formed using an
insulator including an insulating material (an organic mate-
rial or an inorganic material). Typically, a visible light curable
resin, an ultraviolet curable resin, or a thermosetting resin is
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preferably used. For example, an acrylic resin, an epoxy resin,
an amine resin, or the like can be used. Note that the structure
body 233 may have a stacked-layer structure of plural thin
films.

[0091] The structure body 233 can have a columnar shape,
a truncated conical or pyramidal shape with a flat top surface
and a trapezoidal cross section, a conical or pyramidal shape
with a rounded dome top, or the like. In this specification, the
structure body is provided between the first common elec-
trode layer 232 and the pixel electrode layer 230 so that the
first common electrode layer 232 and the pixel electrode layer
230 are insulated from each other, and thus preferably has a
shape which makes it difficult for the first common electrode
layer 232 and the pixel electrode layer 230 to be in contact
with each other.

[0092] For example, as illustrated in FIG. 3, columnar
structure bodies 2384, 2385, and 238¢ each having an inverse
tapered shape whose cross section is generally a trapezoid
where the area of a plane in contact with the pixel electrode
layer 230 is larger than that of a plane in contact with the first
common electrode layer 232, or the like are preferable. With
the columnar structure bodies 238a, 238b, and 238¢ each
having the inverse tapered shape illustrated in FIG. 3, the area
of a region to be filled with liquid crystals in openings
between the columnar structure bodies 2384, 2385, and 238¢
can be increased; accordingly, a larger number of liquid crys-
tal molecules can be made to respond in the openings.
[0093] There is no particular limitation on the method for
forming the structure bodies, and a dry method such as an
evaporation method, a sputtering method, or a CVD method
or a wet method such as spin coating, dip coating, spray
coating, a droplet discharging method (an ink-jet method),
nanoimprinting, or various printing methods (screen printing
or offset printing) may be used in accordance with the mate-
rial. As needed, an etching method (dry etching or wet etch-
ing) may be employed to form a desired pattern. For example,
the structure bodies can be formed by performing a photoli-
thography step on a photosensitive organic resin.

[0094] The structure body may be a continuous film having
a plurality of projections, and the projections may be formed
by arranging rib-shaped projections over a flat interlayer film.
[0095] Note that the shape of the pixel electrode layer
formed over the structure body reflects the shape of the struc-
ture body and is also influenced by an etching process
method.

[0096] The structure body may be formed in such a manner
that a film such as an insulating film is formed and selectively
etched. For example, the structure body can be formed by
performing a photolithography step on a photosensitive
organic resin.

[0097] When a material having a light-transmitting prop-
erty with respect to visible light is used for the structure body,
display using a black layer (or a coloring layer) provided
under the structure body (on a side opposite to the viewing
side) is not interrupted in the case where the liquid crystal
layer is in a transparent state. The structure body may be
formed using a material colored in black or another color and
may be used as a black layer or a coloring layer.

[0098] Inthe case where the liquid crystal layer 208 is in a
light-transmitting state (a transparent state), display that can
be recognized from the viewing side depends on materials
provided on the front and back sides of the liquid crystal layer
208. Therefore, when a black layer (or a coloring layer of a
color other than black and white) is provided behind the liquid
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crystal layer 208 (on the side opposite to the viewing side), the
black layer (or the coloring layer) can be seen. Accordingly, a
pixel displays black (or the color of the coloring layer) on a
display surface that can be recognized on the viewing side;
thus, black display (or display of the color of the coloring
layer) (dark display) can be performed.

[0099] The pixel electrode layer 230 may be formed using
a reflective conductive layer or a light-transmitting conduc-
tive layer. In performing white display, when the pixel elec-
trode layer 230 has reflectivity, incident light is reflected to
the liquid crystal layer 208 side by the pixel electrode layer
230 even if the light passes through the liquid crystal layer
208 without being scattered; thus, the light can be efficiently
scattered in the liquid crystal layer 208 and visibility of white
display can be improved. On the other hand, when the pixel
electrode layer 230 has a light-transmitting property, display
using the black layer (or the coloring layer) provided under
the pixel electrode layer 230 (on the side opposite to the
viewing side) is not interrupted in the case where the liquid
crystal layer 208 is in a transparent state.

[0100] The second common electrode layer 231 provided
on the viewing side of the liquid crystal layer 208 is formed
using a light-transmitting conductive material.

[0101] The first common electrode layer 232 may be
formed using a reflective conductive layer or a light-transmit-
ting conductive layer. In performing white display, when the
first common electrode layer 232 has reflectivity, incident
light is reflected to the liquid crystal layer 208 side by the first
common electrode layer 232 even if the light passes through
the liquid crystal layer 208 without being scattered; thus, the
light can be efficiently scattered in the liquid crystal layer 208
and visibility of white display can be improved. On the other
hand, when the first common electrode layer 232 has a light-
transmitting property, the following effect can be obtained:
display using the black layer (or the coloring layer) or a
colored substrate, which is provided under the first common
electrode layer 232 (on the side opposite to the viewing side),
is not interrupted in the case where the liquid crystal layer 208
is in a transparent state.

[0102] FIGS. 2A to 2C illustrate examples of liquid crystal
display devices each including a film exhibiting black. FIG.
2A illustrates an example in which a black layer 235 is pro-
vided between the first substrate 200 and the first common
electrode layer 232 having a light-transmitting property. In
the case where the liquid crystal layer 208 is in a light-
transmitting state (a transparent state) in an on state, the black
layer 235 can be seen from the second substrate 201 side
through the liquid crystal layer 208 and the first common
electrode layer 232; thus, black display is performed on a
display surface that can be recognized on the viewing side.
[0103] Black display (or display of a color other than black
and white) may be performed by using a black structure body,
electrode layer, substrate, or the like (or a coloring layer of the
color other than black and white) in the liquid crystal display
device. FIG. 2B illustrates an example in which structure
bodies 236a, 2365, and 236¢ exhibiting black are formed
using a material exhibiting black. In the case where the liquid
crystal layer 208 is in a light-transmitting state (a transparent
state) in an on state, the structure bodies 2364, 2365, and 236¢
exhibiting black can be seen from the second substrate 201
side through the liquid crystal layer 208 and the pixel elec-
trode layers 230a, 2305, and 230c; thus, black display is
performed on a display surface that can be recognized on the
viewing side. The position or area of a black (colored) region
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that can be seen can be controlled by the shape or arrangement
of'the structure bodies 2364, 2365, and 236¢ exhibiting black.
Since black display is performed when the liquid crystal layer
208 transmits light, an image at the time of black display can
be adjusted by controlling the position or area of the structure
bodies 2364, 2365, and 236¢ exhibiting black in a pixel.
[0104] For example, the black layer 235 and the structure
bodies 2364, 2365, and 236¢ exhibiting black can be formed
using a black organic resin, which can be formed by mixing a
black resin of a pigment material, carbon black, titanium
black, or the like into a resin material such as photosensitive
ornon-photosensitive polyimide. Alternatively, a light-block-
ing metal film that absorbs light can be used as the black layer
235. Chromium or the like may be used, for example.
[0105] There is no particular limitation on the method for
forming the black layer 235 and the structure bodies 236a,
2365, and 236¢ exhibiting black, and a dry method such as an
evaporation method, a sputtering method, or a CVD method
or a wet method such as spin coating, dip coating, spray
coating, a droplet discharging method (such as an ink-jet
method, screen printing, or offset printing) may be used in
accordance with the material. As needed, an etching method
(dry etching or wet etching) may be employed to form a
desired pattern.

[0106] Each of the liquid crystal display devices illustrated
in FIGS. 2A and 2B is a black-and-white (monochrome)
liquid crystal display device in which the black layer is pro-
vided for black display; however, if a layer exhibiting a chro-
matic color such as a red layer, a green layer, or a blue layer is
used instead of the black layer, display of the chromatic color
can be performed. For example, a liquid crystal display
device in which color display is performed can be obtained by
providing a black layer, a red layer, a green layer, and a blue
layer in positions where they can be seen when an electric
field is generated in the liquid crystal layer 208 and the liquid
crystal layer 208 transmits light. Cyan, magenta, yellow, or
the like may be used as the chromatic color, other than colors
such as red, green, and blue.

[0107] FIG. 2C illustrates an example in which a first com-
mon electrode layer 237 which is formed using a black con-
ductive material and exhibits black is used without provision
of a black layer. The first common electrode layer 237 is
preferably formed using a material having low transmittance
and, for example, can be formed using chromium or the like.
Also in FIG. 2C, the black first common electrode layer 237
can be seen when an electric field is generated in the liquid
crystal layer 208 and the liquid crystal layer 208 transmits
light; thus, black display can be performed. In addition, the
pixel electrode layers 230a, 2305, and 230c¢ may be formed
using a black conductive material to be electrodes exhibiting
black.

[0108] Needless to say, the arrangement and shape of the
structure bodies and the black layer (the coloring layer) are
not limited to those of this embodiment, and may be set as
appropriate. In order that display of the color of the black
layer (the coloring layer) can be seen when the liquid crystal
layer transmits light, the black layer (the coloring layer) needs
to be positioned behind the liquid crystal layer when seen
from the viewing side, and at least part of a component (a thin
film) provided between the liquid crystal layer and the black
layer (the coloring layer) needs to transmit light.

[0109] Inthe case where a reflective conductive material is
used for the pixel electrode layer 230 or the first common
electrode layer 232, for example, one or plural kinds of mate-
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rials selected from metal such as tungsten (W), molybdenum
(Mo), zirconium (Zr), hafnium (Hf), vanadium (V), niobium
(Nb), tantalum (Ta), chromium (Cr), cobalt (Co), nickel (Ni),
titanium (T1), platinum (Pt), aluminum (Al), copper (Cu), or
silver (Ag); an alloy thereof; and a nitride thereof can used.
[0110] In the case where a light-transmitting conductive
material is used for the pixel electrode layer 230 or the first
common electrode layer 232, for example, indium tin oxide
(ITO), indium zinc oxide (IZO) in which zinc oxide (ZnO) is
mixed in indium oxide, a conductive material in which silicon
oxide (Si0O,) is mixed in indium oxide, organoindium, orga-
notin, indium oxide including tungsten oxide, indium zinc
oxide including tungsten oxide, indium oxide including tita-
nium oxide, indium tin oxide including titanium oxide, or the
like can be used. The second common electrode layer 231 can
be formed using any of the above light-transmitting conduc-
tive materials.

[0111] As the first substrate 200 and the second substrate
201, a glass substrate of barium borosilicate glass, alumi-
noborosilicate glass, or the like, a quartz substrate, a plastic
substrate, or the like can be used.

[0112] In this manner, in the liquid crystal display device,
improvement in contrast ratio and reduction in power con-
sumption can be achieved.

[0113] A liquid crystal display device having higher vis-
ibility and image quality can be provided.

[0114] Since liquid crystals are not aligned in advance and
incident light is not polarized in the case of using polymer
dispersed liquid crystal, an alignment film and a polarizing
plate are not necessarily provided.

[0115] Accordingly, since an alignment film and a polariz-
ing plate are not provided in a liquid crystal display device
using polymer dispersed liquid crystal, light is not absorbed
by the alignment film and the polarizing plate; thus, a bright
display screen with higher luminance can be obtained. High
light use efficiency leads to reduction in power consumption
ofthe liquid crystal display device. Steps and cost for provid-
ing the alignment film and the polarizing plate can be
reduced, and thus higher throughput and lower cost can be
realized. In addition, rubbing treatment is unnecessary
because an alignment film is not provided; accordingly,
dielectric breakdown caused by the rubbing treatment can be
prevented and defects and damage of the liquid crystal dis-
play device can be reduced in the manufacturing process.
Thus, the liquid crystal display device can be manufactured
with high yield and productivity thereof can be improved. A
transistor particularly has a possibility that electric character-
istics of the transistor may fluctuate significantly owing to
static electricity and deviate from the design range. There-
fore, it is effective to use a polymer dispersed liquid crystal
material for a liquid crystal display device including a tran-
sistor.

Embodiment 2

[0116] An example of an active matrix liquid crystal dis-
play device to which the invention disclosed in this specifi-
cation is applied will be described with reference to FIGS. 4A
and 4B.

[0117] FIG. 4A is a plan view of a liquid crystal display
device and illustrates one pixel. FIG. 4B is a cross-sectional
view along line X1-X2 in FIG. 4A.

[0118] In FIG. 4A, a plurality of source wiring layers (in-
cluding a source electrode layer 405a) is arranged in parallel
(extends in the vertical direction in the drawing) to be spaced
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from each other. A plurality of gate wiring layers (including a
gate electrode layer 401) is arranged to extend in the direction
generally perpendicular to the source wiring layers (in the
horizontal direction in the drawing) and to be spaced from
each other. Capacitor wiring layers 408 are arranged adjacent
to the plurality of gate wiring layers and extend in the direc-
tion generally parallel to the gate wiring layers, that is, in the
direction generally perpendicular to the source wiring layers
(in the horizontal direction in the drawing). A generally rect-
angular space is surrounded by the source wiring layers and
the gate wiring layers. A second electrode layer 449 that is a
first common electrode layer of the liquid crystal display
device, a structure body 445, and a first electrode layer 447
that is a pixel electrode layer are provided in that space, and a
third electrode layer 448 that is a second common electrode
layer is provided thereover with a liquid crystal layer 444
positioned therebetween. A transistor 460 for driving the
pixel electrode layer is provided at an upper left corner of the
drawing. A plurality of pixel electrode layers and a plurality
of transistors are arranged in matrix.

[0119] Note that the plan view of FIG. 4A illustrates a first
substrate 441 side and the liquid crystal layer 444, the third
electrode layer 448, and a second substrate 442 are omitted.

[0120] Inthe liquid crystal display device in FIGS. 4A and
4B, the first electrode layer 447 which is electrically con-
nected to the transistor 460 functions as a pixel electrode
layer, the second electrode layer 449 functions as a first com-
mon electrode layer, and the third electrode layer 448 func-
tions as a second common electrode layer. Note that a capaci-
tor is formed by the first electrode layer 447, the second
electrode layer 449, and the capacitor wiring layer 408.

[0121] The pixel electrode layer (the first electrode layer
447) is supplied with a potential of an image signal through a
drain electrode layer 4056 and a wiring layer 446 which are
electrically connected to a semiconductor layer of the tran-
sistor 460. On the other hand, the common electrode layers
(the second electrode layer 449 and the third electrode layer
448) of a liquid crystal element are supplied with a fixed
potential (e.g., a ground potential) serving as a reference with
respect to the potential of the image signal supplied to the
pixel electrode layer (the first electrode layer 447). The com-
mon potential is preferably set to a potential around an inter-
mediate potential of an image signal which is transmitted as
data in such a level as not to generate flickers. The common
electrode layers (the second electrode layer 449 and the third
electrode layer 448) can operate in a floating state (an elec-
trically isolated state).

[0122] In this embodiment, an example in which the first
electrode layer 447 is in contact with the drain electrode layer
40556 of the transistor 460 with the wiring layer 446 that is
formed in the same step as the second electrode layer 449
positioned between the first electrode layer 447 and the drain
electrode layer 4055, and is formed continuously over the
structure body 445 is described; however, an opening reach-
ing the drain electrode layer 40556 may be formed and the first
electrode layer 447 may be in direct contact with the drain
electrode layer 4055 in the opening.

[0123] FIGS.4A and 4B illustrate the liquid crystal display
device where the first substrate 441 provided with the tran-
sistor 460 over which the second electrode layer 449, the
structure body 445, and the first electrode layer 447 are pro-
vided with an interlayer film 417 positioned therebetween,
and the second substrate 442 provided with the third electrode
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layer 448 are arranged so as to face each other with the liquid
crystal layer 444 sandwiched therebetween.

[0124] The distances between the first electrode layer 447
and the second electrode layer 449 and the distance between
the first electrode layer 447 and the third electrode layer 448,
which are stacked with the liquid crystal layer 444 positioned
therebetween, are set to distances at which liquid crystals in
the liquid crystal layer 444 positioned between the first elec-
trode layer 447 and the second electrode layer 449 and
between the first electrode layer 447 and the third electrode
layer 448 can respond when appropriate voltage is applied
between the first electrode layer 447, and the second electrode
layer 449 and the third electrode layer 448. The voltage to be
applied is controlled as appropriate in accordance with the
distances.

[0125] The structure body 445 is provided over one of the
common electrode layers (in this embodiment, the second
electrode layer 449 provided over the first substrate 441) so as
to project into the liquid crystal layer 444 and the first elec-
trode layer 447 is provided over the structure body 445,
whereby the first electrode layer 447 can be positioned in the
liquid crystal layer 444. The position and shape of the first
electrode layer 447 in the liquid crystal layer 444 can be
controlled by selecting the thickness and shape of the struc-
ture body 445.

[0126] In this embodiment, an example in which the struc-
ture body 445 and the first electrode layer 447 each have a
shape with an opening pattern as illustrated in FIG. 4A, and
the openings are provided in the structure body 445 and the
first electrode layer 447 to form a spotted pattern is described.
The openings provided in the structure body 445 and the first
electrode layer 447 can be filled with the liquid crystal layer
444. The structure body 445 may be formed using a material
and a method similar to those of the structure body 233
described in Embodiment 1.

[0127] Inorder to generate highly uniform electric fields in
the liquid crystal layer 444, the first electrode layer 447 is
preferably positioned in the liquid crystal layer so that the
same interval (distance) is provided between the first elec-
trode layer 447 and the second electrode layer 449 and
between the first electrode layer 447 and the third electrode
layer 448. Therefore, it is preferable that the thickness of the
structure body 445 formed under the first electrode layer 447
be approximately half of the maximum thickness of the liquid
crystal layer 444 (also referred to as a cell gap of the liquid
crystal display device).

[0128] In contrast, the second electrode layer 449 and the
third electrode layer 448 have planar and flat shapes. Further,
each of the second electrode layer 449 and the third electrode
layer 448 with which common voltage is applied to all pixels
can be formed as a continuous plate-shaped conductive film
in a pixel region including a plurality of pixels.

[0129] For the liquid crystal layer 444, polymer dispersed
liquid crystal (PDLC) is used. Alternatively, polymer network
liquid crystal (PNLC) may be used. The liquid crystal layer
444 may be formed using a material and a method similar to
those of the liquid crystal layer 208 described in Embodiment
1.

[0130] In the liquid crystal layer 444, in the case of apply-
ing no voltage between the first electrode layer 447 and the
second electrode layer 449 and between the first electrode
layer 447 and the third electrode layer 448 (also referred to as
an off state), liquid crystal grains dispersed in a polymer layer
are oriented in a random manner to cause a difference
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between the refractive index of the polymer and the refractive
index of liquid crystal molecules, and incident light is thus
scattered by the liquid crystal grains to make the liquid crystal
layer 444 opaque and clouded. Therefore, display that can be
recognized from the viewing side is also white display.
[0131] On the other hand, in the case of applying voltage
between the first electrode layer 447 and the second electrode
layer 449 and between the first electrode layer 447 and the
third electrode layer 448 (also referred to as an on state), an
electric field is generated in the liquid crystal layer 444, and
the liquid crystal molecules in the liquid crystal grains are
oriented in the direction of the electric field such that the
refractive index of the polymer corresponds with the refrac-
tive index in the short axis of the liquid crystal molecule.
Thus, incident light is transmitted through the liquid crystal
layer 444 without being scattered by the liquid crystal grains.
Therefore, the liquid crystal layer 444 transmits light and is in
a transparent state.

[0132] Inthe liquid crystal display device of this specifica-
tion, white display is performed in such a manner that inci-
dent light is scattered by the liquid crystal grains dispersed
and orientated in a random manner in the liquid crystal layer
444. The liquid crystal layer 444 preferably has high light
scattering intensity to perform favorable white display close
to a plane of paper. The light scattering intensity of the liquid
crystal layer 444 is enhanced as the number of times of
collision between light and the liquid crystal grains dispersed
in the liquid crystal layer 444 is increased; therefore, it is
effective to enhance the light scattering intensity of the liquid
crystal layer 444 by increasing the thickness of the liquid
crystal layer 444 and increasing the number of liquid crystal
grains included in the liquid crystal layer 444 so that the
number of times of collision between the light entering the
liquid crystal layer 444 and the liquid crystal grains is
increased.

[0133] However, when the thickness of the liquid crystal
layer 444 is increased, higher driving voltage is needed to
make the liquid crystal molecules respond and to drive the
liquid crystal element; as a result, power consumption is
increased. Moreover, when the driving voltage of the liquid
crystal element in which the thickness of the liquid crystal
layer 444 is increased is lowered, the liquid crystal molecules
respond insufficiently in the liquid crystal element in an on
state and light transmittance is decreased; accordingly, the
contrast of the liquid crystal display device is decreased.
[0134] By providing the first electrode layer 447 in the
center of the liquid crystal layer 444 sandwiched between the
second electrode layer 449 and the third electrode layer 448,
a structure in which the following two optical elements are
stacked can be obtained: a first liquid crystal element includ-
ing the second electrode layer 449, the liquid crystal layer
444, and the first electrode layer 447; and a second liquid
crystal element including the first electrode layer 447, the
liquid crystal layer 444, and the third electrode layer 448.
[0135] Thus, in the liquid crystal layer 444, the liquid crys-
tal layer 444 positioned between the second electrode layer
449 and the first electrode layer 447 is controlled by an
electric field generated between the second electrode layer
449 and the first electrode layer 447. The liquid crystal layer
444 positioned between the first electrode layer 447 and the
third electrode layer 448 is controlled by an electric field
generated between the first electrode layer 447 and the third
electrode layer 448. Since the thickness of the liquid crystal
layer 444 can be increased by stacking the first liquid crystal
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element and the second liquid crystal element, a high light
scattering effect can be obtained and favorable white display
can be performed. Further, the first liquid crystal element and
the second liquid crystal element are parallel to each other in
a circuit; thus, voltage for driving both the first liquid crystal
element and the second liquid crystal element can be the same
as voltage for driving one of the first liquid crystal element
and the second liquid crystal element.

[0136] Therefore, even when the thickness of the liquid
crystal layer 444 is increased for favorable white display, the
liquid crystal molecules can be made to respond without
increase in the driving voltage of the liquid crystal elements.
Consequently, in the liquid crystal display device, improve-
ment in contrast ratio and reduction in power consumption
can be achieved.

[0137] The cell gap that is a thickness of the liquid crystal
layer 444 may be greater than or equal 5 pum and less than or
equal to 30 um (preferably greater than or equal to 10 pum and
less than or equal to 20 pm). In this specification, the thick-
ness of a cell gap refers to the length (film thickness) of a
thickest part of a liquid crystal layer.

[0138] When a material having a light-transmitting prop-
erty with respect to visible light is used for the structure body,
display using a black layer (or a coloring layer) provided
under the structure body (on a side opposite to the viewing
side) is not interrupted in the case where the liquid crystal
layer is in a transparent state. The structure body may be
formed using a material colored in black or another color and
may be used as a black layer or a coloring layer.

[0139] Inthe case where the liquid crystal layer 444 is in a
light-transmitting state (a transparent state), display that can
be recognized from the viewing side depends on materials
provided on the front and back sides of the liquid crystal layer
444. Therefore, when a black layer (or a coloring layer of a
color other than black and white) is provided behind the liquid
crystal layer 444 (on the side opposite to the viewing side), the
black layer (or the coloring layer) can be seen. Accordingly, a
pixel displays black on a display surface that can be recog-
nized on the viewing side; thus, black display (or display of
the color of the coloring layer) (dark display) can be per-
formed.

[0140] The provision of the black layer as a coloring layer
can provide a liquid crystal display device which produce
black-and-white (monochrome) display. In addition, when a
coloring layer of a chromatic color such as a red layer, a green
layer, or a blue layer is used instead of the black layer, the
chromatic color can be displayed. Therefore, the selection of
multiple colors for the coloring layer can also provide a liquid
crystal display device for full-color display.

[0141] FIGS. 4A and 4B illustrate an example of a black-
and-white (monochrome) liquid crystal display device in
which a black layer exhibiting black is used as the interlayer
film 417 for black display; however, if a layer exhibiting a
chromatic color such as a red layer, a green layer, or a blue
layer is used instead of the black layer, display of the chro-
matic color can be performed.

[0142] The first electrode layer 447 may be formed using a
reflective conductive layer or a light-transmitting conductive
layer. In performing white display, when the first electrode
layer 447 has reflectivity, incident light is reflected to the
liquid crystal layer 444 side by the first electrode layer 447
even if the light passes through the liquid crystal layer 444
without being scattered; thus, the light can be efficiently
scattered in the liquid crystal layer 444 and visibility of white
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display can be improved. On the other hand, when the first
electrode layer 447 has a light-transmitting property, display
using the black layer (or the coloring layer) provided under
the first electrode layer 447 (on the side opposite to the view-
ing side) is not interrupted in the case where the liquid crystal
layer 444 is in a transparent state. Further, the first electrode
layer 447 may be formed using a conductive layer exhibiting
black with the use of a black conductive material to function
also as a black layer.

[0143] The second electrode layer 449 may be formed
using a reflective conductive layer or a light-transmitting
conductive layer. In performing white display, when the sec-
ond electrode layer 449 has reflectivity, incident light is
reflected to the liquid crystal layer 444 side by the second
electrode layer 449 even if the light passes through the liquid
crystal layer 444 without being scattered; thus, the light can
be efficiently scattered in the liquid crystal layer 444 and
visibility of white display can be improved. On the other
hand, when the second electrode layer 449 has a light-trans-
mitting property, display using the black layer (or the coloring
layer) provided under the second electrode layer 449 (on the
side opposite to the viewing side) is not interrupted in the case
where the liquid crystal layer 444 is in a transparent state.
[0144] The third electrode layer 448 provided on the view-
ing side of the liquid crystal layer 444 is formed using a
light-transmitting conductive material.

[0145] The transistor 460 is an inverted staggered thin film
transistor which includes, over the first substrate 441 having
an insulating surface, the gate electrode layer 401, a gate
insulating layer 402, a semiconductor layer 403, the source
electrode layer 4054, and the drain electrode layer 4055.
[0146] An insulating film 407 which covers the transistor
460 and is in contact with the semiconductor layer 403, and an
insulating layer 409 which is a protective insulating layer are
provided. The interlayer film 417 is stacked over the insulat-
ing layer 409.

[0147] There is no particular limitation on the method for
forming the interlayer film 417, and the following method can
be employed in accordance with the material: spin coating,
dip coating, spray coating, a droplet discharging method
(such as an ink-jet method, screen printing, or offset printing),
roll coating, curtain coating, knife coating, or the like.

[0148] The first substrate 441 and the second substrate 442
are bonded to each other with a sealant, with the liquid crystal
layer 444 sandwiched therebetween.

[0149] As the sealant, it is preferable to use a visible light
curable resin, an ultraviolet curable resin, or a thermosetting
resin, typically. Typically, an acrylic resin, an epoxy resin, an
amine resin, or the like can be used. Further, a photopolymer-
ization initiator (typically an ultraviolet light polymerization
initiator), a thermosetting agent, a filler, or a coupling agent
may be included in the sealant.

[0150] An insulating film serving as a base film may be
provided between the first substrate 441 and the gate elec-
trode layer 401. The base film has a function of preventing
diffusion of an impurity element from the first substrate 441,
and can be formed to have a single-layer structure or a
stacked-layer structure using one or more of a silicon nitride
film, a silicon oxide film, a silicon nitride oxide film, and a
silicon oxynitride film.

[0151] The gate electrode layer 401 can be formed to have
a single-layer structure or a stacked-layer structure using a
metal material such as molybdenum, titanium, chromium,
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tantalum, tungsten, aluminum, copper, neodymium, or scan-
dium, or an alloy material which includes any of these as a
main component.

[0152] For example, as a two-layer structure of the gate
electrode layer 401, the following stacked-layer structure is
preferable: a two-layer structure in which a molybdenum
layer is stacked over an aluminum layer, a two-layer structure
in which a molybdenum layer is stacked over a copper layer,
a two-layer structure in which a titanium nitride layer or a
tantalum nitride layer is stacked over a copper layer, or a
two-layer structure in which a titanium nitride layer and a
molybdenum layer are stacked. As a three-layer structure, a
structure in which a tungsten layer or a tungsten nitride layer,
an alloy layer of aluminum and silicon or an alloy layer of
aluminum and titanium, and a titanium nitride layer or a
titanium layer are stacked is preferable.

[0153] The gate insulating layer 402 can be formed to have
a single-layer structure or a stacked-layer structure using any
ofasilicon oxide layer, a silicon nitride layer, a silicon oxyni-
tride layer, a silicon nitride oxide layer, an aluminum oxide
layer, an aluminum nitride layer, an aluminum oxynitride
layer, an aluminum nitride oxide layer, and a hafnium oxide
layer by a plasma CVD method, a sputtering method, or the
like. Alternatively, the gate insulating layer 402 can be formed
using a silicon oxide layer by a CVD method in which an
organosilane gas is used. As the organosilane gas, a com-
pound including silicon such as tetracthoxysilane (TEOS)
(chemical formula: Si(OC,Hy),), tetramethylsilane (TMS)
(chemical formula: Si(CH,),), tetramethylcyclotetrasiloxane
(TMCTS), octamethylcyclotetrasiloxane (OMCTS), hexam-
ethyldisilazane (HMDS), triethoxysilane (chemical formula:
SiH(OC,Hs),), or trisdimethylaminosilane (chemical for-
mula: SiH(N(CH,;),)5) can be used.

[0154] Ina process of forming the semiconductor layer, the
electrode layer, and the wiring layer, an etching step is used to
process thin films into desired shapes. Dry etching or wet
etching can be used for the etching step.

[0155] As an etching apparatus used for the dry etching, an
etching apparatus using a reactive ion etching method (an RIE
method), or a dry etching apparatus using a high-density
plasma source such as electron cyclotron resonance (ECR) or
inductively coupled plasma (ICP) can be used.

[0156] In order to etch the films into desired shapes, the
etching condition (such as the amount of electric power
applied to a coil-shaped electrode, the amount of electric
power applied to an electrode on a substrate side, or the
temperature of the electrode on the substrate side) is adjusted
as appropriate.

[0157] In order to etch the films into desired shapes, the
etching condition (such as an etchant, etching time, or tem-
perature) is adjusted as appropriate in accordance with the
material.

[0158] Asamaterial for the source electrode layer 405a and
the drain electrode layer 4055, an element selected from Al,
Cr, Ta, Ti, Mo, and W, an alloy including any of these ele-
ments as a component, an alloy including any of these ele-
ments in combination, and the like can be given. Further, in
the case where heat treatment is performed, the conductive
film preferably has heat resistance enough to withstand the
heat treatment. Since use of Al alone brings disadvantages
such as low heat resistance and a tendency to corrosion,
aluminum is used in combination with a heat-resistant con-
ductive material. As the heat-resistant conductive material
which is used in combination with Al, any of the following
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materials may be used: an element selected from titanium
(Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chro-
mium (Cr), neodymium (Nd), and scandium (Sc), an alloy
including any of these elements as a component, an alloy
including any of these elements in combination, and a nitride
including any of these elements as a component.

[0159] Note that the semiconductor layer 403 of the tran-
sistor 460 is an example of a semiconductor layer which is
partly etched so as to have a groove (a depression).

[0160] As the insulating film 407 and the insulating layer
409 which cover the transistor 460, an inorganic insulating
film or an organic insulating film which is formed by a dry
method or a wet method can be used. For example, a silicon
nitride film, a silicon oxide film, a silicon oxynitride film, an
aluminum oxide film, a tantalum oxide film, or the like, which
is obtained by a CVD method, a sputtering method, or the
like, can be used. Alternatively, an organic material such as
polyimide, acrylic, benzocyclobutene, polyamide, or epoxy
can be used. Other than such organic materials, it is also
possible to use a low-dielectric constant material (a low-k
material), a siloxane-based resin, phosphosilicate glass
(PSG), borophosphosilicate glass (BPSG), or the like.
[0161] Note that the siloxane-based resin corresponds to a
resin including a Si—O—Si bond formed using a siloxane-
based material as a starting material. The siloxane-based resin
may include, as a substituent, an organic group (e.g., an alkyl
group or an aryl group) or a fluoro group. In addition, the
organic group may include a fluoro group. A siloxane-based
resin is applied by a coating method and baked; thus, the
insulating film 407 can be formed.

[0162] The insulating film 407 and the insulating layer 409
may be formed by stacking plural insulating films formed
using any of these materials. For example, a structure in
which an organic resin film is stacked over an inorganic
insulating film may be employed.

[0163] Further, with the use of a resist mask having regions
with plural thicknesses (typically two different thicknesses)
which is formed using a multi-tone mask, the number of resist
masks can be reduced, resulting in a simplified process and
lower cost.

[0164] In this manner, in a liquid crystal display device
including a polymer dispersed liquid crystal material, the
contrast ratio can be increased.

[0165] In this manner, in the liquid crystal display device,
improvement in contrast ratio and reduction in power con-
sumption can be achieved.

[0166] A liquid crystal display device having higher vis-
ibility and image quality can be provided.

[0167] Since liquid crystals are not aligned in advance and
incident light is not polarized in the case of using polymer
dispersed liquid crystal, an alignment film and a polarizing
plate are not necessarily provided.

[0168] Accordingly, since an alignment film and a polariz-
ing plate are not provided in a liquid crystal display device
using polymer dispersed liquid crystal, light is not absorbed
by the alignment film and the polarizing plate; thus, a bright
display screen with higher luminance can be obtained. High
light use efficiency leads to reduction in power consumption
ofthe liquid crystal display device. Steps and cost for provid-
ing the alignment film and the polarizing plate can be
reduced, and thus higher throughput and lower cost can be
realized. In addition, rubbing treatment is unnecessary
because an alignment film is not provided; accordingly,
dielectric breakdown caused by the rubbing treatment can be
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prevented and defects and damage of the liquid crystal dis-
play device can be reduced in the manufacturing process.
Thus, the liquid crystal display device can be manufactured
with high yield and productivity thereof can be improved. A
transistor particularly has a possibility that electric character-
istics of the transistor may fluctuate significantly owing to
static electricity and deviate from the design range. There-
fore, it is effective to use a polymer dispersed liquid crystal
material for a liquid crystal display device including a tran-
sistor.

Embodiment 3

[0169] In this embodiment, a method for driving a liquid
crystal display device, by which power consumption can be
further reduced in combination with Embodiment 1 or 2, will
be described. The same portions as Embodiment 1 or portions
having functions similar to those of Embodiment 1 can be
formed in a manner similar to that of Embodiment 1; there-
fore, repetitive description thereof is omitted. In addition,
detailed description of the same portions is not repeated.
[0170] In a liquid crystal display device, display is per-
formed on a screen by switching a plurality of images which
are time-divided to correspond to a plurality of frame periods
at high speed. However, there is display of an image which
does not change in successive frame periods (also referred to
as still image display), for example, between an n-th frame
and an (n+1)-th frame when a plurality of images which are
time-divided to correspond to a plurality of frame periods are
switched at high speed. In this specification, an image dis-
played in the still image display is also referred to as a still
image.

[0171] In this embodiment, the following display modes
are employed. In the case of display where image signals in
successive frames are different (also referred to as moving
image display), an image signal is written in every frame. In
the case of still image display where image signals in succes-
sive frames are the same, a new image signal is not written, a
pixel electrode and common electrode with which voltage is
applied to a liquid crystal element are set in a floating state
(floating) so that the voltage applied to the liquid crystal
element is held, and a still image is displayed without supply
of a new potential. Note that in this specification, the moving
image display refers to display in the case where image sig-
nals in successive frames are different and new image data
needs to be written, and even rewriting of one frame is
regarded as moving image display.

[0172] A liquid crystal display device of this embodiment
and switching of display modes of the liquid crystal display
device will be described with reference to FIG. 9, FIG. 10,
FIG. 11, FIGS. 12A and 12B, and FIG. 13.

[0173] Components ofaliquid crystal display device 100 of
this embodiment will be described with reference to a block
diagram of FIG. 9. The liquid crystal display device 100 is a
reflective liquid crystal display device in which display is
performed by utilizing reflection of outside light in a pixel,
and includes an image processing circuit 110, a power source
116, and a display panel 120.

[0174] To the liquid crystal display device 100, an image
signal (an image signal Data) is supplied from an external
device connected thereto. Note that power supply potentials
(a high power supply potential Vdd, a low power supply
potential Vss, and a common potential Vcom) are supplied by
turning on the power source 116 of the liquid crystal display
device and starting supplying power, and control signals (a
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start pulse SP and a clock signal CK) are supplied by a display
control circuit 113. The supply of the power supply potentials
(the high power supply potential Vdd, the low power supply
potential Vss, and the common potential Vcom) is stopped by
turning off the power source 116, so that the supply of the
power supply potentials to the display panel is stopped.
[0175] In the case where the image signal is an analog
signal, the image signal is preferably converted into a digital
signal through an A/D converter or the like to be supplied to
the image processing circuit 110 of the liquid crystal display
device 100; this is because, when a difference of image sig-
nals is detected later, the difference can be easily detected.
[0176] A configuration of the image processing circuit 110
and a procedure in which the image processing circuit 110
processes a signal will be described.

[0177] The image processing circuit 110 includes a
memory circuit 111, a comparison circuit 112, the display
control circuit 113, and a selection circuit 115. The image
processing circuit 110 generates a display panel image signal
from the input digital image signal Data. The display panel
image signal is an image signal that controls the display panel
120. The image processing circuit 110 outputs a signal that
controls a common electrode 128 to a switching element 127.
[0178] The memory circuit 111 includes a plurality of
frame memories for storing image signals for a plurality of
frames. The number of frame memories included in the
memory circuit 111 is not particularly limited as long as the
image signals for a plurality of frames can be stored. Note that
the frame memory may be formed using a memory element
such as dynamic random access memory (DRAM) or static
random access memory (SRAM).

[0179] Note that the number of frame memories is not
particularly limited as long as an image signal can be stored in
each frame period. In addition, the image signals stored in the
frame memories are selectively read by the comparison cir-
cuit 112 and the display control circuit 113. A frame memory
1115 in the diagram is conceptually illustrated as a memory
region for one frame.

[0180] The comparison circuit 112 is a circuit which selec-
tively reads image signals in successive frame periods stored
in the memory circuit 111, compares the image signals in the
successive frames in each pixel, and detects a difference.
[0181] Inthis embodiment, depending on whether a differ-
ence of image signals between frames is detected or not,
operation of the display control circuit 113 and the selection
circuit 115 is determined. When a difference between frames
is detected in any of the pixels by the comparison circuit 112
(when there is a difference), the comparison circuit 112 deter-
mines that image signals are not for a still image and that the
successive frame periods between which the difference is
detected are periods for a moving image.

[0182] In the case where a difference between frames is
detected in only part of pixels, image data may be written to
only the pixels in which the difference is detected. In this case,
adecoder circuit is used as a gate line side driver circuit 121A
and a source line side driver circuit 121B in a driver circuit
portion 121.

[0183] On the other hand, when image signals are com-
pared in the comparison circuit 112 and a difference is not
detected in any pixel (when there is no difference), successive
frame periods between which no difference is detected are
determined as periods for a still image. In other words, by
detection of a difference between image signals in successive
frame periods by the comparison circuit 112, the image sig-
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nals are determined as image signals for a moving image or
image signals for a still image.

[0184] Note that the criterion of the comparison for deter-
mining that there is a difference may be set such that the
difference is recognized when the degree of the difference
exceeds a certain level. The comparison circuit 112 may be set
to detect a difference by the absolute value of the difference.
[0185] In this embodiment, the structure in which whether
an image is a moving image for which writing of image data
is needed or a still image is determined by detection of a
difference between image signals in successive frame periods
by the comparison circuit 112 provided inside the liquid
crystal display device 100 is described; however, an embodi-
ment of the invention disclosed in this specification is not
limited to this structure. A signal indicating whether an image
is a moving image or a still image may be supplied from the
outside.

[0186] The selection circuit 115 has a structure in which a
plurality of switches formed of transistors is provided, for
example. In the case where the comparison circuit 112 detects
a difference in successive frames, that is, the image is a
moving image, the selection circuit 115 selects an image
signal of the moving image from the frame memories in the
memory circuit 111 and outputs the image signal to the dis-
play control circuit 113.

[0187] In the case where the comparison circuit 112 does
not detect a difference in the successive frames, that is, the
image is a still image, the selection circuit 115 does not output
an image signal to the display control circuit 113 from the
frame memories in the memory circuit 111. With the structure
in which an image signal is not output from the frame memo-
ries to the display control circuit 113, power consumption of
the liquid crystal display device can be reduced.

[0188] Note that in the liquid crystal display device of this
embodiment, a mode performed in such a manner that the
comparison circuit 112 determines an image as a still image is
a still image display mode, and a mode performed in such a
manner that the comparison circuit 112 determines an image
as a moving image is a moving image display mode.

[0189] The display control circuit 113 supplies an image
signal selected by the selection circuit 115, control signals
(specifically, signals for controlling switching between sup-
ply or stop of control signals such as the start pulse SP and the
clock signal CK), and power supply potentials (the high
power supply potential Vdd, the low power supply potential
Vss, and the common potential Vcom) to the display panel
120.

[0190] Note that the image processing circuit described in
this embodiment as an example may have a display-mode
switching function. The display-mode switching function is a
function of switching between a moving image display mode
and a still image display mode in such a manner that a user of
the liquid crystal display device selects an operation mode of
the liquid crystal display device by hand or using an external
connection device.

[0191] Theselection circuit 115 can output an image signal
to the display control circuit 113 in accordance with a signal
input from a display-mode switching circuit.

[0192] For example, in the case where a mode-switching
signal is input to the selection circuit 115 from the display-
mode switching circuit while operation is performed in the
still image display mode, even when the comparison circuit
112 does not detect a difference between image signals in
successive frame periods, the selection circuit 115 can be
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operated in a mode in which input image signals are sequen-
tially output to the display control circuit 113, that is, in the
moving image display mode. In the case where a mode-
switching signal is input to the selection circuit 115 from the
display-mode switching circuit while operation is performed
in the moving image display mode, even when the compari-
son circuit 112 detects a difference between image signals in
successive frame periods, the selection circuit 115 can be
operated in a mode in which only an image signal of one
selected frame is output, that is, in the still image display
mode. As a result, in the liquid crystal display device of this
embodiment, one frame of a moving image is displayed as a
still image.

[0193] In this embodiment, the display panel 120 includes
the switching element 127 besides a pixel portion 122. In this
embodiment, the display panel 120 includes a first substrate
and a second substrate. The first substrate is provided with the
driver circuit portion 121, the pixel portion 122, and the
switching element 127.

[0194] A pixel 123 includes a transistor 144 as a switching
element, and a capacitor 140 and a liquid crystal element 145
which are connected to the transistor 144 (see FIG. 10).
[0195] A transistor having low off-state current is prefer-
ably used as the transistor 144. When the transistor 144 is off,
electric charge accumulated in the liquid crystal element 145
and the capacitor 140 which are connected to the transistor
144 having low off-state current is less likely to leak because
the transistor 144 is provided, and a state where a signal is
written before the transistor 144 is turned off can be held for
a long time.

[0196] Inthis embodiment, liquid crystals are controlled by
a vertical electric field that is generated by the pixel electrode
provided over the first substrate and the common electrode
provided on the second substrate which faces the first sub-
strate.

[0197] The switching element 127 supplies the common
potential Vcom to the common electrode 128 in accordance
with a control signal output from the display control circuit
113. As the switching element 127, a transistor can be used. A
gate electrode and one of a source electrode and a drain
electrode of the transistor may be connected to the display
control circuit 113, the common potential Vcom may be
supplied from the display control circuit 113 to the one of the
source electrode and the drain electrode through a terminal
portion 126, and the other of the source electrode and the
drain electrode may be connected to the common electrode
128. Note that the switching element 127 may be formed over
the same substrate as the driver circuit portion 121 or the pixel
portion 122. Alternatively, the switching element 127 may be
formed over another substrate.

[0198] A transistor having low off-state current is used as
the switching element 127, whereby reduction over time in
the voltage applied to both terminals of the liquid crystal
element 145 can be suppressed.

[0199] In a common connection portion, a terminal con-
nected to a source electrode or a drain electrode of the switch-
ing element 127 and the common electrode 128 are electri-
cally connected to each other.

[0200] One of the source electrode and the drain electrode
of the switching element 127 using a transistor that is one
embodiment of a switching element is connected to the other
electrode of the capacitor 140 and the other electrode of the
liquid crystal element 145, which are not connected to the
transistor 144. The other of the source electrode and the drain
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electrode of the switching element 127 is connected to a
terminal 126B through the common connection portion. A
gate electrode of the switching element 127 is connected to a
terminal 126A.

[0201] Next, the state of signals supplied to the pixels will
be described with reference to an equivalent circuit diagram
of the liquid crystal display device illustrated in FIG. 10 and
a timing chart in FIG. 11.

[0202] InFIG.11,aclock signal GCK and astart pulse GSP
which are supplied from the display control circuit 113 to the
gate line side driver circuit 121A are illustrated. In addition, a
clock signal SCK and a start pulse SSP which are supplied
from the display control circuit 113 to the source line side
driver circuit 121B are illustrated. Note that for description of
the timing of output of the clock signals, the waveforms of the
clock signals are each shown by a simple rectangular wave in
FIG. 11.

[0203] In FIG. 11, a potential of a source line (Data line)
125, a potential of the pixel electrode, a potential of the
terminal 126A, a potential of the terminal 126B, and a poten-
tial of the common electrode are illustrated.

[0204] InFIG. 11, a period 1401 corresponds to a period in
which image signals for displaying a moving image are writ-
ten. In the period 1401, operation is performed so that the
image signals and a common potential are supplied to the
pixels in the pixel portion 122 and the common electrode,
respectively.

[0205] A period 1402 corresponds to a period in which a
still image is displayed. In the period 1402, the supply of the
image signals to the pixels in the pixel portion 122 and the
supply of the common potential to the common electrode are
stopped. Note that in the period 1402 in FIG. 11, each signal
is supplied so that the driver circuit portion stops operating;
however, it is preferable to write image signals periodically in
accordance with the length of the period 1402 and the refresh
rate so as to prevent deterioration of a still image.

[0206] First, a timing chart in the period 1401 will be
described. In the period 1401, a clock signal is always sup-
plied as the clock signal GCK, and a pulse corresponding to a
vertical synchronization frequency is supplied as the start
pulse GSP. In the period 1401, a clock signal is always sup-
plied as the clock signal SCK, and a pulse corresponding to
one gate selection period is supplied as the start pulse SSP.
[0207] An image signal Data is supplied to pixels in each
row through the source line 125, and a potential of the source
line 125 is supplied to the pixel electrode in accordance with
a potential of a gate line 124.

[0208] A potential at which the switching element 127 is
turned on is supplied from the display control circuit 113 to
the terminal 126A of the switching element 127, so that a
common potential is supplied to the common electrode
through the terminal 126B.

[0209] On the other hand, the period 1402 is a period in
which a still image is displayed. Next, a timing chart in the
period 1402 will be described. In the period 1402, supply of
the clock signal GCK, the start pulse GSP, the clock signal
SCK, and the start pulse SSP is stopped. In addition, the
supply of the image signal Data to the source line 125 is
stopped in the period 1402. In the period 1402 in which the
supply of the clock signal GCK and the start pulse GSP is
stopped, the transistor 144 is turned off and the potential of
the pixel electrode is put in a floating state.

[0210] A potential at which the switching element 127 is
turned off is supplied from the display control circuit 113 to
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the terminal 126A of the switching element 127, so that the
potential of the common electrode is put in a floating state.
[0211] Inthe period 1402, the potentials of both electrodes
of the liquid crystal element 145, that is, the pixel electrode
and the common electrode, are put in a floating state; thus, a
still image can be displayed without additional supply of a
potential.

[0212] Further, the supply of the clock signals and the start
pulses to the gate line side driver circuit 121A and the source
line side driver circuit 121B is stopped, whereby reduction in
power consumption can be achieved.

[0213] In particular, by employing a transistor having low
off-state current as the transistor 144 and the switching ele-
ment 127, reduction over time in the voltage applied to both
terminals of the liquid crystal element 145 can be suppressed.
[0214] Next, operation of the display control circuit in a
period in which a displayed image is switched from a moving
image to a still image (a period 1403 in FIG. 11) and in a
period in which a displayed image is switched from a still
image to a moving image (a period 1404 in FIG. 11) will be
described with reference to FIGS. 12A and 12B. FIGS. 12A
and 12B illustrate the high power supply potential Vdd, the
clock signal (here GCK), and the start pulse signal (here GSP)
which are output from the display control circuit, and the
potential of the terminal 126A.

[0215] FIG. 12A illustrates operation of the display control
circuit in the period 1403 in which a displayed image is
switched from a moving image to a still image. The display
control circuit stops the supply of the start pulse GSP (E1 in
FIG. 12A, a first step). The supply of the start pulse GSP is
stopped, and then the supply of a plurality of clock signals
GCK is stopped after pulse output reaches the last stage of a
shift register (E2 in FIG. 12A, a second step). Then, the high
power supply potential Vdd of power supply voltage is
changed to the low power supply potential Vss (E3 in FIG.
12A, a third step). After that, the potential of the terminal
126 A is changed to a potential at which the switching element
127 is turned off (E4 in FIG. 12A, a fourth step).

[0216] Through the above steps, the supply of signals to the
driver circuit portion 121 can be stopped without a malfunc-
tion of the driver circuit portion 121. The malfunction that
occurs when a displayed image is switched from a moving
image to a still image causes noise, and the noise is held as a
still image; therefore, a liquid crystal display device that
includes a display control circuit with few malfunctions can
display a still image which is not deteriorated so much.
[0217] Next, FIG. 12B illustrates operation of the display
control circuit in the period 1404 in which a displayed image
is switched from a still image to a moving image. The display
control circuit changes the potential of the terminal 126A to a
potential at which the switching element 127 is turned on (S1
in FIG. 12B, a first step). Next, the power supply voltage is
changed from the low power supply potential Vss to the high
power supply potential Vdd (S2 in FIG. 12B, a second step).
Then, a high-level potential is supplied as the clock signal
GCK, and then a plurality of clock signals GCK is supplied
(S3 in FIG. 12B, a third step). After that, the start pulse GSP
is supplied (S4 in FIG. 12B, a fourth step).

[0218] Through the above steps, the supply of driving sig-
nals to the driver circuit portion 121 can be resumed without
a malfunction of the driver circuit portion 121. Potentials of
the wirings are appropriately and sequentially changed back
to those at the time of displaying a moving image, whereby
the driver circuit portion can be driven without a malfunction.
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[0219] FIG. 13 schematically illustrates writing frequency
of an image signal in each frame period in a period 601 in
which a moving image is displayed orina period 602 in which
a still image is displayed. In FIG. 13, “W” indicates a period
in which an image signal is written, and “H” indicates a period
in which the image signal is held. In addition, a period 603 is
one frame period in FIG. 13; however, the period 603 may be
a different period.

[0220] Inthe structure ofthe liquid crystal display device of
this embodiment, an image signal of a still image displayed in
the period 602 is written in a period 604, and the image signal
written in the period 604 is held in the other periods of the
period 602.

[0221] In the liquid crystal display device described in this
embodiment as an example, writing frequency of an image
signal in a period in which a still image is displayed can be
reduced. As a result, power consumption at the time of dis-
playing a still image can be reduced.

[0222] Inthe case where a still image is displayed by rewrit-
ing the same image plural times, visible switching of the
images may cause eyestrain. The writing frequency of an
image signal is reduced in the liquid crystal display device of
this embodiment, which is effective in reducing eyestrain.
[0223] In particular, in the liquid crystal display device of
this embodiment, a transistor having low off-state current is
applied to each pixel and a switching element of the common
electrode, whereby a period (the length of time) in which a
storage capacitor can hold voltage can be extended. As a
result, the writing frequency of an image signal can be
remarkably reduced, which is significantly effective in reduc-
ing power consumption and eyestrain when a still image is
displayed.

[0224] The liquid crystal element having the electrode
layer structure and using polymer dispersed liquid crystal
(PDLC), which is described in Embodiment 1 or 2, is applied
to the liquid crystal element. In the liquid crystal display
device described in Embodiment 1 or 2, improvement in
contrast ratio and reduction in power consumption can be
achieved.

[0225] A liquid crystal display device having higher vis-
ibility and image quality can be provided.

[0226] Further, since an alignment film and a polarizing
plate are not necessarily provided in a liquid crystal display
device using polymer dispersed liquid crystal, light is not
absorbed by the alignment film and the polarizing plate; thus,
a bright display screen with higher luminance can be
obtained. High light use efficiency leads to reduction in power
consumption of the liquid crystal display device. Steps and
cost for providing the alignment film and the polarizing plate
can be reduced, and thus higher throughput and lower cost can
be realized. In addition, rubbing treatment is unnecessary
because an alignment film is not provided; accordingly,
dielectric breakdown caused by the rubbing treatment can be
prevented and defects and damage of the liquid crystal dis-
play device can be reduced in the manufacturing process.
Thus, the liquid crystal display device can be manufactured
with high yield and productivity thereof can be improved.

Embodiment 4

[0227] In this embodiment, an example of a transistor that
can be applied to a liquid crystal display device disclosed in
this specification will be described. There is no particular
limitation on the structure of the transistor that can be applied
to a liquid crystal display device disclosed in this specifica-

Nov. 24, 2011

tion. For example, a top-gate staggered structure, a bottom-
gate staggered structure, a top-gate planar structure, a bot-
tom-gate planar structure, or the like can be used. Further, the
transistor may have a single-gate structure including one
channel formation region, a double-gate structure including
two channel formation regions, or a triple-gate structure
including three channel formation regions. The transistor
may have a dual-gate structure including two gate electrode
layers positioned over and below a channel region with a gate
insulating layer provided therebetween. Examples of cross-
sectional structures of transistors are illustrated in FIGS. 7A
to 7D.

[0228] A transistor 410 illustrated in FIG. 7A is one of
bottom-gate thin film transistors and is also referred to as an
inverted staggered thin film transistor.

[0229] The transistor 410 includes, over a substrate 400
having an insulating surface, the gate electrode layer 401, the
gate insulating layer 402, the semiconductor layer 403, the
source electrode layer 4054, and the drain electrode layer
4055. The insulating film 407 is provided to cover the tran-
sistor 410 and be stacked over the semiconductor layer 403.
The insulating layer 409 is formed over the insulating film
407.

[0230] A transistor 420 illustrated in FIG. 7B is one of
bottom-gate thin film transistors called a channel-protective
type (also referred to as a channel-stop type) and is also
referred to as an inverted staggered thin film transistor.

[0231] The transistor 420 includes, over the substrate 400
having an insulating surface, the gate electrode layer 401, the
gate insulating layer 402, the semiconductor layer 403, an
insulating layer 427 which functions as a channel protective
layer covering a channel formation region of the semiconduc-
tor layer 403, the source electrode layer 4054, and the drain
electrode layer 4055. The insulating layer 409 is formed to
cover the transistor 420.

[0232] A transistor 430 illustrated in FIG. 7C is a bottom-
gate thin film transistor and includes, over the substrate 400
having an insulating surface, the gate electrode layer 401, the
gate insulating layer 402, the source electrode layer 405a, the
drain electrode layer 4055, and the semiconductor layer 403.
The insulating film 407 which covers the transistor 430 and is
in contact with the semiconductor layer 403 is provided. The
insulating layer 409 is provided over the insulating film 407.

[0233] Inthe transistor 430, the gate insulating layer 402 is
provided over and in contact with the substrate 400 and the
gate electrode layer 401; the source electrode layer 4054 and
the drain electrode layer 4055 are provided over and in con-
tact with the gate insulating layer 402. Further, the semicon-
ductor layer 403 is provided over the gate insulating layer
402, the source electrode layer 4054, and the drain electrode
layer 4056.

[0234] A transistor 440 illustrated in FIG. 7D is one of
top-gate thin film transistors. The transistor 440 includes,
over the substrate 400 having an insulating surface, an insu-
lating layer 437, the semiconductor layer 403, the source
electrode layer 4054, the drain electrode layer 4055, the gate
insulating layer 402, and the gate electrode layer 401. A
wiring layer 436a and a wiring layer 4365 are provided to be
in contact with and electrically connected to the source elec-
trode layer 405a and the drain electrode layer 40554, respec-
tively.

[0235] Although there is no particular limitation on a sub-
strate that can be used as the substrate 400 having an insulat-
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ing surface, a glass substrate of barium borosilicate glass,
aluminoborosilicate glass, or the like is used.

[0236] Inthe bottom-gate transistors 410, 420, and 430, an
insulating film serving as a base film may be provided
between the substrate and the gate electrode layer. The base
film has a function of preventing diffusion of an impurity
element from the substrate and can be formed to have a
single-layer structure or a stacked-layer structure using one or
more of a silicon nitride film, a silicon oxide film, a silicon
nitride oxide film, and a silicon oxynitride film.

[0237] The gate electrode layer 401 can be formed to have
a single-layer structure or a stacked-layer structure using a
metal material such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, or scan-
dium, or an alloy material including any of these as a main
component.

[0238] The gate insulating layer 402 can be formed to have
a single-layer structure or a stacked-layer structure using any
ofasilicon oxide layer, a silicon nitride layer, a silicon oxyni-
tride layer, a silicon nitride oxide layer, an aluminum oxide
layer, an aluminum nitride layer, an aluminum oxynitride
layer, an aluminum nitride oxide layer, and a hafnium oxide
layer by a plasma CVD method, a sputtering method, or the
like. For example, by a plasma CVD method, a silicon nitride
layer (SiN,, (y>0)) with a thickness of greater than or equal to
50 nm and less than or equal to 200 nm is formed as a first gate
insulating layer, and a silicon oxide layer (SiO, (x>0)) with a
thickness of greater than or equal to 5 nm and less than or
equal to 300 nm is formed as a second gate insulating layer
over the first gate insulating layer, so that a gate insulating
layer with a total thickness of 200 nm is formed.

[0239] For a conductive film used for the source electrode
layer 405a and the drain electrode layer 4055, for example, an
element selected from Al, Cr, Cu, Ta, Ti, Mo, and W, an alloy
including any of these elements as a component, an alloy
including any of these elements in combination, or the like
can be used. Alternatively, a structure may be employed in
which a high-melting-point metal layer of Ti, Mo, W, or the
like is stacked on one or both of a top surface and a bottom
surface of a metal layer of Al, Cu, or the like. When an Al
material to which an element (such as Si, Nd, or Sc) which
prevents generation of hillocks and whiskers in an Al film is
added is used, heat resistance can be improved.

[0240] A material similar to that for the source electrode
layer 4054 and the drain electrode layer 4056 can be used for
a conductive film used for the wiring layer 436a and the
wiring layer 4365 which are respectively connected to the
source electrode layer 4054 and the drain electrode layer
405b.

[0241] Alternatively, the conductive film to be the source
electrode layer 405a and the drain electrode layer 4055 (in-
cluding a wiring layer formed using the same layer as the
source electrode layer 4054 and the drain electrode layer
4055) may be formed using a conductive metal oxide. As the
conductive metal oxide, indium oxide (In,O,), tin oxide
(Sn0,), zinc oxide (ZnO), indium oxide-tin oxide alloy
(In,O;—Sn0,; abbreviated to ITO), indium oxide-zinc oxide
alloy (In,0;—Zn0O), or any of these metal oxide materials
including silicon oxide can be used.

[0242] As the insulating films 407, 427, and 437, typically,
an inorganic insulating film such as a silicon oxide film, a
silicon oxynitride film, an aluminum oxide film, or an alumi-
num oxynitride film can be used.
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[0243] For the insulating layer 409, an inorganic insulating
film such as a silicon nitride film, an aluminum nitride film, a
silicon nitride oxide film, or an aluminum nitride oxide film
can be used.

[0244] In addition, a planarization insulating film may be
formed over the insulating layer 409 in order to reduce sur-
face unevenness due to the transistor. For the planarization
insulating film, an organic material such as polyimide,
acrylic, or benzocyclobutene can be used. Other than such
organic materials, it is also possible to use a low-dielectric
constant material (a low-k material) or the like. Note that the
planarization insulating film may be formed by stacking plu-
ral insulating films formed using any of these materials.
[0245] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

Embodiment 5

[0246] An oxide semiconductor will be described as an
example which can be used for the semiconductor layers of
the transistors in Embodiments 2 to 4.

[0247] In the transistors 410, 420, 430, and 440 illustrated
in FIGS. 7A to 7D of Embodiment 4, an oxide semiconductor
layer can be used as the semiconductor layer 403.

[0248] As an oxide semiconductor used for the semicon-
ductor layer 403, the following can be used: an In—Sn—
Ga—7Zn—O-based oxide semiconductor which is a four-
component metal oxide; an In—Ga—Z7n—O-based oxide
semiconductor, an In—Sn—Zn—O-based oxide semicon-
ductor, an In—Al—Zn—0O-based oxide semiconductor, a
Sn—Ga—Zn—O0-based oxide semiconductor, an Al—Ga—
Zn—O-based oxide semiconductor, or a Sn—Al—Zn—O-
based oxide semiconductor, which is a three-component
metal oxide; an In—Zn—O-based oxide semiconductor, a
Sn—Zn—O-based oxide semiconductor, an Al—Zn—O-
based oxide semiconductor, a Zn—Mg—O-based oxide
semiconductor, a Sn—Mg—O-based oxide semiconductor,
an In—Mg—O-based oxide semiconductor, or an In—Ga—
O-based material, which is a two-component metal oxide; an
In—O-based oxide semiconductor, a Sn—O-based oxide
semiconductor, a Zn—O-based oxide semiconductor; or the
like. Further, SiO, may be included in the above oxide semi-
conductor. In this specification, for example, an In—Ga—
Zn—O-based oxide semiconductor means an oxide film
including indium (In), gallium (Ga), and zinc (Zn), and there
is no particular limitation on the composition ratio. The
In—Ga—7n—O0-based oxide semiconductor may include an
element other than In, Ga, and Zn.

[0249] For the oxide semiconductor layer, a thin film
expressed by the chemical formula, InMO,4(ZnO), (m>0) can
be used. Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, Ga and Co, or the like.

[0250] In the case where an In—Zn—O-based material is
used as the oxide semiconductor, the atomic ratio thereof is
In/Zn=0.5 to 50, preferably In/Zn=1 to 20, further preferably
In/Zn=1.5 to 15. When the atomic ratio of Zn is in the above
preferred range, the field-effect mobility of a transistor can be
improved. Here, when the atomic ratio of the compound is
In:Zn:0=X:Y:Z, the relation Z>1.5X+Y is satisfied.

[0251] As the oxide semiconductor used for the semicon-
ductor layer 403, an oxide semiconductor including indium,
an oxide semiconductor including indium and gallium, or the
like can be favorably used.
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[0252] In the transistors 410, 420, 430, and 440 each
including an oxide semiconductor layer, current in an off state
(off-state current) can be reduced. Therefore, in the case
where the driving method described in Embodiment 4 is
employed and a transistor including an oxide semiconductor
layer is used as the transistor 144 in FIG. 10, an electric signal
such as an image signal can be held for a longer time and a
writing interval can be set longer when the power is on.
Consequently, the frequency of refresh operation can be
reduced, which leads to an effect of further suppressing power
consumption.

[0253] In addition, the transistors 410, 420, 430, and 440
each including an oxide semiconductor layer as the semicon-
ductor layer 403 can have relatively high field-effect mobility
and thus can operate at high speed. Accordingly, by using any
of the transistors in a pixel portion of a liquid crystal display
device, a high-quality image can be provided. By using such
transistors, a driver circuit portion and a pixel portion can be
separately formed over one substrate; thus, the number of
components of the liquid crystal display device can be
reduced.

[0254] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

Embodiment 6

[0255] Inthis embodiment, another example of a transistor
including an oxide semiconductor layer and an example of a
manufacturing method thereof will be described in detail with
reference to FIGS. 8A to 8E. The same portions as the above
embodiment or portions having functions similar to those of
the above embodiment can be formed in a manner similar to
that of the above embodiment; therefore, repetitive descrip-
tion thereof'is omitted. In addition, detailed description of the
same portions is not repeated.

[0256] FIGS. 8A to 8E illustrate an example of a cross-
sectional structure of a transistor. A transistor 510 illustrated
in FIGS. 8A to 8E is a bottom-gate inverted staggered thin
film transistor which is similar to the transistor 410 illustrated
in FIG. 7A.

[0257] An oxide semiconductor used for a semiconductor
layer in this embodiment is made to be an i-type (intrinsic)
oxide semiconductor or a substantially i-type (intrinsic) oxide
semiconductor by being purified by removing hydrogen,
which is an n-type impurity, from an oxide semiconductor so
that impurities that are not main components of the oxide
semiconductor are included as little as possible. In other
words, the oxide semiconductor of this embodiment is an
oxide semiconductor which is made to be a purified i-type
(intrinsic) semiconductor or a semiconductor close thereto
not by addition of an impurity but by removal of an impurity
such as hydrogen or water as much as possible. In this man-
ner, the Fermi level (Ef) can be equal to the intrinsic Fermi
level (E1). Therefore, the oxide semiconductor layer included
in the transistor 510 is an oxide semiconductor layer which is
purified and made electrically i-type (intrinsic).

[0258] Inaddition, a purified oxide semiconductor includes
extremely few carriers (close to zero), and the carrier concen-
tration thereof is lower than 1x10'*cm?, preferably lower
than 1x10'%/cm?, further preferably lower than 1x10''/cm?>.
[0259] Since the oxide semiconductor includes extremely
few carriers, the off-state current can be reduced in the tran-
sistor. It is preferable that the off-state current be as low as
possible.
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[0260] Specifically, in the transistor 510 including the
above oxide semiconductor layer, current in an off state (off-
state current) per micrometer in channel width can be reduced
to lower than 10 zA/um and can be further reduced to lower
than 100 zA/um at 85° C.

[0261] With the transistor whose current in an off-state
(off-state current) is extremely low used as a transistor in the
pixel portion of Embodiment 4, refresh operation in a still
image region can be performed with a small number of times
of image-data writing.

[0262] Inaddition, in the transistor 510 including the above
oxide semiconductor layer, the temperature dependence of
on-state current is hardly observed, and the off-state current
remains extremely low. Further, transistor characteristics
hardly change owing to light deterioration.

[0263] Steps of manufacturing the transistor 510 over a
substrate 505 will be described below with reference to FIGS.
8A to 8E.

[0264] First, a conductive film is formed over the substrate
505 having an insulating surface, and then a gate electrode
layer 511 is formed in a first photolithography step. Note that
aresist mask may be formed by an ink-jet method. Formation
of'the resist mask by an ink-jet method needs no photomask;
thus, manufacturing cost can be reduced.

[0265] As the substrate 505 having an insulating surface, a
substrate similar to the substrate 400 described in the above
embodiment can be used. In this embodiment, a glass sub-
strate is used as the substrate 505.

[0266] An insulating film serving as a base film may be
provided between the substrate 505 and the gate electrode
layer 511. The base film has a function of preventing diffusion
of an impurity element from the substrate 505 and can be
formed to have a single-layer structure or a stacked-layer
structure using any of a silicon nitride film, a silicon oxide
film, a silicon nitride oxide film, and a silicon oxynitride film.
[0267] The gate electrode layer 511 can be formed to have
a single-layer structure or stacked-layer structure using a
metal material such as molybdenum, titanium, tantalum,
tungsten, aluminum, copper, neodymium, or scandium, or an
alloy material including any of these as a main component.
[0268] Next, a gate insulating layer 507 is formed over the
gate electrode layer 511. The gate insulating layer 507 can be
formed to have a single-layer structure or a stacked-layer
structure using any of a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, a silicon nitride oxide layer,
an aluminum oxide layer, an aluminum nitride layer, an alu-
minum oxynitride layer, an aluminum nitride oxide layer, a
hafnium oxide layer, and a gallium oxide layer by a plasma
CVD method, a sputtering method, or the like.

[0269] As the oxide semiconductor in this embodiment, an
oxide semiconductor which is made i-type or substantially
i-type by removal of an impurity is used. Such a purified oxide
semiconductor is highly sensitive to an interface state and
interface charge; thus, an interface between the oxide semi-
conductor layer and the gate insulating layer is important. For
that reason, the gate insulating layer that is to be in contact
with the purified oxide semiconductor needs to have high
quality.

[0270] For example, high-density plasma CVD using
microwaves (e.g., with a frequency 0f2.45 GHz) is preferably
employed because a dense insulating layer having high with-
stand voltage and high quality can be formed. The purified
oxide semiconductor and the high-quality gate insulating
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layer are in close contact with each other, whereby the inter-
face states can be reduced to obtain favorable interface char-
acteristics.

[0271] Needless to say, another film formation method
such as a sputtering method or a plasma CVD method can be
employed as long as the method enables formation of a high-
quality insulating layer as a gate insulating layer. Further, an
insulating layer whose film quality and characteristic of the
interface with an oxide semiconductor are improved by heat
treatment performed after formation of the insulating layer
may be formed as a gate insulating layer. In any case, an
insulating layer that can reduce interface state density of an
interface between an oxide semiconductor and the insulating
layer to form a favorable interface, as well as having favorable
film quality as a gate insulating layer, is formed.

[0272] Further, in order that hydrogen, hydroxyl group, and
moisture are included as little as possible in the gate insulat-
ing layer 507 and an oxide semiconductor film 530, it is
preferable that the substrate 505 over which the gate electrode
layer 511 is formed or the substrate 505 over which compo-
nents up to and including the gate insulating layer 507 are
formed be preheated in a preheating chamber of a sputtering
apparatus as pretreatment for the formation ofthe oxide semi-
conductor film 530 to eliminate and remove impurities such
as hydrogen and moisture adsorbed to the substrate 505. As an
evacuation unit provided in the preheating chamber, a cry-
opump is preferable. Note that this preheating treatment can
be omitted. Further, this preheating may be performed in a
similar manner on the substrate 505 over which components
up to and including a source electrode layer 515a and a drain
electrode layer 5156 are formed, before formation of an insu-
lating layer 516.

[0273] Next, the oxide semiconductor film 530 having a
thickness greater than or equal to 2 nm and less than or equal
to 200 nm, preferably greater than or equal to 5 nm and less
than or equal to 30 nm, is formed over the gate insulating layer
507 (see FIG. 8A).

[0274] Note that before the oxide semiconductor film 530 is
formed by a sputtering method, powder substances (also
referred to as particles or dust) attached to a surface of the gate
insulating layer 507 are preferably removed by reverse sput-
tering in which an argon gas is introduced and plasma is
generated. The reverse sputtering refers to a method in which,
without application of voltage to a target side, an RF power
source is used for voltage application to a substrate side in an
argon atmosphere to generate plasma in the vicinity of the
substrate so that a surface is modified. Note that instead of an
argon atmosphere, a nitrogen atmosphere, a helium atmo-
sphere, an oxygen atmosphere, or the like may be used.

[0275] As anoxide semiconductor used for the oxide semi-
conductor film 530, an oxide semiconductor described in
Embodiment 5, such as a four component metal oxide, a
three-component metal oxide, a two-component metal oxide,
an In—O-based oxide semiconductor, a Sn—O-based oxide
semiconductor, or a Zn—O-based oxide semiconductor, can
be used. Further, SiO, may be included in the above oxide
semiconductor. In this embodiment, the oxide semiconductor
film 530 is formed by a sputtering method with the use of an
In—Ga—Zn—O0-based oxide target. A cross-sectional view
at this stage is illustrated in FIG. 8A. Alternatively, the oxide
semiconductor film 530 can be formed by a sputtering
method in a rare gas (typically argon) atmosphere, an oxygen
atmosphere, or a mixed atmosphere of a rare gas and oxygen.
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[0276] As the target for forming the oxide semiconductor
film 530 by a sputtering method, for example, an oxide target
having a composition ratio of In,05:Ga,05:ZnO=1:1:1 [mo-
lar ratio] is used, so that an In—Ga—Zn—O film is formed.
Without limitation on the material and the component of the
target, for example, an oxide target having a composition ratio
of In,05:Ga,0,:Zn0=1:1:2 [molar ratio] may be used. The
filling rate of the oxide target is higher than or equal to 90%
and lower than or equal to 100%, preferably higher than or
equal to 95% and lower than or equal to 99.9%. With the use
of'a metal oxide target having a high filling rate, the formed
oxide semiconductor film has high density.

[0277] TItis preferable that a high-purity gas from which an
impurity such as hydrogen, water, hydroxyl group, or hydride
is removed be used as a sputtering gas used for the formation
of the oxide semiconductor film 530.

[0278] The substrate is held in a deposition chamber kept
under reduced pressure, and the substrate temperature is set to
a temperature higher than or equal to 100° C. and lower than
or equal to 600° C., preferably higher than or equal to 200° C.
and lower than or equal to 400° C. By forming the oxide
semiconductor film in a state where the substrate is heated,
the concentration of an impurity included in the formed oxide
semiconductor film can be reduced. In addition, damage due
to sputtering can be reduced. Then, a sputtering gas from
which hydrogen and moisture are removed is introduced into
the deposition chamber while moisture remaining therein is
removed, and the oxide semiconductor film 530 is formed
over the substrate 505 with the use of the above target. In
order to remove moisture remaining in the deposition cham-
ber, an entrapment vacuum pump such as a cryopump, an ion
pump, or a titanium sublimation pump is preferably used. The
evacuation unit may be a turbo pump provided with a cold
trap. In the deposition chamber which is evacuated with a
cryopump, a hydrogen atom, a compound including a hydro-
gen atom, such as water (H,O), (preferably, also a compound
including a carbon atom), and the like are removed, whereby
the concentration of an impurity in the oxide semiconductor
film formed in the deposition chamber can be reduced.
[0279] As an example of the film formation condition, the
distance between the substrate and the target is 100 mm, the
pressure is 0.6 Pa, the direct-current (DC) power is 0.5 kW,
and the atmosphere is an oxygen atmosphere (the proportion
of the oxygen flow rate is 100%). Note that a pulsed direct-
current power source is preferably used because powder sub-
stances (also referred to as particles or dust) that are generated
in film formation can be reduced and the film thickness can be
uniform.

[0280] Next, the oxide semiconductor film 530 is processed
into an island-shaped oxide semiconductor layer in a second
photolithography step. A resist mask for forming the island-
shaped oxide semiconductor layer may be formed by an ink-
jet method. Formation of the resist mask by an ink-jet method
needs no photomask; thus, manufacturing cost can be
reduced.

[0281] Inthe case where a contacthole is formed in the gate
insulating layer 507, a step of forming the contact hole can be
performed at the same time as processing of the oxide semi-
conductor film 530.

[0282] Note that etching of the oxide semiconductor film
530 may be dry etching, wet etching, or both dry etching and
wet etching. As an etchant used for wet etching of the oxide
semiconductor film 530, for example, a mixed solution of
phosphoric acid, acetic acid, and nitric acid, an ammonium
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peroxide mixture (a 31 wt % hydrogen peroxide solution:28
wt % ammonia water:water=>5:2:2), or the like can be used. In
addition, ITOO7N (produced by KANTO CHEMICAL CO.,
INC.) may be used.

[0283] Next, the oxide semiconductor layer is subjected to
first heat treatment. The oxide semiconductor layer can be
dehydrated or dehydrogenated by the first heat treatment. The
temperature of the first heat treatment is higher than or equal
to 400° C. and lower than or equal to 750° C., or higher than
or equal to 400° C. and lower than the strain point of the
substrate. Here, the substrate is put in an electric furnace
which is a kind of heat treatment apparatus and heat treatment
is performed on the oxide semiconductor layer at 450° C. for
1 hour in a nitrogen atmosphere, and then, the oxide semi-
conductor layer is not exposed to the air so that entry of water
and hydrogen into the oxide semiconductor layer is pre-
vented; thus, an oxide semiconductor layer 531 is obtained
(see FIG. 8B).

[0284] The heat treatment apparatus is not limited to an
electric furnace, and an apparatus for heating an object to be
processed by heat conduction or heat radiation from a heating
element such as a resistance heating element may be used. For
example, a rapid thermal annealing (RTA) apparatus such as
a gas rapid thermal annealing (GRTA) apparatus or a lamp
rapid thermal annealing (LRTA) apparatus can be used. An
LRTA apparatus is an apparatus for heating an object to be
processed by radiation of light (an electromagnetic wave)
emitted from a lamp such as a halogen lamp, a metal halide
lamp, a xenon arc lamp, a carbon arc lamp, a high pressure
sodium lamp, or a high pressure mercury lamp. A GRTA
apparatus is an apparatus for heat treatment using a high-
temperature gas. As the high-temperature gas, an inert gas
which does not react with an object to be processed by heat
treatment, such as nitrogen or a rare gas like argon, is used.
[0285] For example, as the first heat treatment, GRTA in
which the substrate is moved into an inert gas heated to a high
temperature of 650° C. to 700° C., heated for several minutes,
and moved out of the inert gas heated to the high temperature
may be performed.

[0286] Note that in the first heat treatment, it is preferable
that water, hydrogen, and the like be not included in nitrogen
or a rare gas such as helium, neon, or argon. The purity of
nitrogen or the rare gas such as helium, neon, or argon which
is introduced into a heat treatment apparatus is preferably 6N
(99.9999%) or higher, further preferably 7N (99.99999%) or
higher (i.e., the concentration of an impurity is preferably 1
ppm or lower, further preferably 0.1 ppm or lower).

[0287] After the oxide semiconductor layer is heated by the
first heat treatment, a high-purity oxygen gas, a high-purity
N,O gas, or ultra-dry air (having a dew point lower than or
equal to —-40° C., preferably lower than or equal to -60° C.)
may be introduced into the furnace. It is preferable that the
oxygen gas and the N,O gas do not include water, hydrogen,
and the like. The purity of the oxygen gas or the N,O gas
which is introduced into the heat treatment apparatus is pref-
erably 6N or higher, further preferably 7N or higher (i.e., the
concentration of an impurity in the oxygen gas or the N,O gas
is preferably 1 ppm or lower, further preferably 0.1 ppm or
lower). Oxygen which is a main component of an oxide
semiconductor and has been reduced through the step of
removing impurities by the dehydration or dehydrogenation
treatment is supplied by the action of the oxygen gas or the
N,O gas, whereby the oxide semiconductor layer is purified
and made electrically i-type (intrinsic).
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[0288] In addition, the first heat treatment for the oxide
semiconductor layer can also be performed on the oxide
semiconductor film 530 which has not been processed into
the island-shaped oxide semiconductor layer. In that case, the
substrate is taken out from the heating apparatus after the first
heat treatment, and then a photolithography step is per-
formed.

[0289] Note that the first heat treatment may be performed
at either of the following timings without limitation to the
above timing as long as it is performed after the oxide semi-
conductor layer is formed: after a source electrode layer and
a drain electrode layer are formed over the oxide semicon-
ductor layer; and after an insulating layer is formed over the
source electrode layer and the drain electrode layer.

[0290] Inthe case where a contact hole is formed in the gate
insulating layer 507, a step of forming the contact hole may be
performed before or after the first heat treatment is performed
on the oxide semiconductor film 530.

[0291] In addition, as the oxide semiconductor layer, an
oxide semiconductor layer having a crystal region with a
large thickness (a single crystal region), that is, a c-axis-
aligned crystal region which is aligned perpendicularly to a
surface of the film may be formed by performing deposition
twice and heat treatment twice, regardless of the material for
a base component such as an oxide, a nitride, or a metal. For
example, a first oxide semiconductor film having a thickness
greater than or equal to 3 nm and less than or equal to 15 nm
is formed and then first heat treatment is performed at a
temperature higher than or equal to 450° C. and lower than or
equal to 850° C., preferably higher than or equal to 550° C.
and lower than or equal to 750° C. in an atmosphere of
nitrogen, oxygen, a rare gas, or dry air, whereby a first oxide
semiconductor film which includes a crystal region (includ-
ing plate-like crystals) in a region including a surface is
formed. Then, a second oxide semiconductor film which is
thicker than the first oxide semiconductor film is formed and
then second heat treatment is performed at a temperature
higher than or equal to 450° C. and lower than or equal to 850°
C., preferably higher than or equal to 600° C. and lower than
or equal to 700° C., so that crystal growth proceeds upward
with the use of the first oxide semiconductor film as a seed of
the crystal growth, whereby the whole second oxide semicon-
ductor film is crystallized. In such a manner, an oxide semi-
conductor layer which includes a thick crystal region may be
formed.

[0292] Next, a conductive film which serves as a source
electrode layer and a drain electrode layer (including a wiring
formed using the same layer as the source electrode layer and
the drain electrode layer) is formed over the gate insulating
layer 507 and the oxide semiconductor layer 531. For the
conductive film used for the source electrode layer and the
drain electrode layer, the material used for the source elec-
trode layer 4054 and the drain electrode layer 4055, which is
described in the above embodiment can be used.

[0293] In a third photolithography step, a resist mask is
formed over the conductive film and etching is performed
selectively, so that the source electrode layer 515a and the
drain electrode layer 5154 are formed. After that, the resist
mask is removed (see FIG. 8C).

[0294] Light exposure at the time of forming the resist mask
in the third photolithography step is preferably performed
using ultraviolet light, KrF laser light, or ArF laser light. A
channel length L of the transistor that is completed later is
determined by the distance between bottom ends of the
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source electrode layer and the drain electrode layer, which are
adjacent to each other over the oxide semiconductor layer
531. In the case where the channel length L is less than 25 nm,
light exposure for formation of the resist mask in the third
photolithography step is preferably performed using extreme
ultraviolet light having an extremely short wavelength of
several nanometers to several tens of nanometers. In the light
exposure with extreme ultraviolet light, the resolution is high
and the focus depth is large. Accordingly, the channel length
L of the transistor to be completed later can be greater than or
equal to 10 nm and less than or equal to 1000 nm, and the
operation speed of a circuit can increased.

[0295] In order to reduce the number of photomasks and
steps in a photolithography step, etching may be performed
with the use of a resist mask formed using a multi-tone mask
which is a light-exposure mask through which light is trans-
mitted so as to have a plurality of intensities. A resist mask
formed using a multi-tone mask has a plurality of thicknesses
and can be changed in shape by etching; therefore, the resist
mask can be used in a plurality of etching steps for processing
into different patterns. Therefore, a resist mask corresponding
to atleast two kinds of different patterns can be formed by one
multi-tone mask. Thus, the number of light-exposure masks
can be reduced and the number of corresponding photolithog-
raphy steps can be also reduced, whereby simplification of a
process can be realized.

[0296] Note that it is preferable that etching conditions be
optimized so that the oxide semiconductor layer 531 is not
etched and divided when the conductive film is etched. How-
ever, it is difficult to obtain conditions under which only the
conductive film is etched and the oxide semiconductor layer
531 is not etched at all. Therefore, in some cases, the oxide
semiconductor layer 531 is partly etched to be an oxide semi-
conductor layer having a groove (a depression) at the time of
etching of the conductive film.

[0297] In this embodiment, since a Ti film is used as the
conductive film and an In—Ga—Zn—O-based oxide semi-
conductor is used for the oxide semiconductor layer 531, an
ammonium peroxide mixture (a mixed solution of ammonia,
water, and a hydrogen peroxide solution) is used as an
etchant.

[0298] Next, by plasma treatment using a gas such as N,O,
N,, or Ar, water or the like adsorbed to a surface of an exposed
portion of the oxide semiconductor layer may be removed. In
the case where the plasma treatment is performed, the insu-
lating layer 516 which serves as a protective insulating film in
contact with part of the oxide semiconductor layer is formed
without exposure to the air.

[0299] The insulating layer 516 can be formed to a thick-
ness of at least 1 nm by a method by which an impurity such
as water or hydrogen does not enter the insulating layer 516,
such as a sputtering method as appropriate. When hydrogen is
included in the insulating layer 516, entry of hydrogen to the
oxide semiconductor layer, or extraction of oxygen in the
oxide semiconductor layer by hydrogen may occur, thereby
causing a backchannel of the oxide semiconductor layer to
have lower resistance (to be n-type), so that a parasitic chan-
nel might be formed. Therefore, it is important that a forma-
tion method in which hydrogen is not used be employed so
that the insulating layer 516 includes hydrogen as little as
possible.

[0300] Inthis embodiment, a silicon oxide film is formed to
a thickness of 200 nm as the insulating layer 516 by a sput-
tering method. The substrate temperature in film formation
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may be higher than or equal to room temperature and lower
than or equal to 300° C., and is 100° C. in this embodiment.
The silicon oxide film can be formed by a sputtering method
in a rare gas (typically argon) atmosphere, an oxygen atmo-
sphere, or a mixed atmosphere including a rare gas and oxy-
gen. As a target, a silicon oxide target or a silicon target can be
used. For example, the silicon oxide film can be formed using
a silicon target by a sputtering method in an atmosphere
including oxygen. As the insulating layer 516 which is
formed in contact with the oxide semiconductor layer, an
inorganic insulating film which does not include impurities
such as moisture, a hydrogen ion, and OH™ and blocks entry
of these from the outside is used. Typically, a silicon oxide
film, a silicon oxynitride film, an aluminum oxide film, an
aluminum oxynitride film, a gallium oxide film, or the like is
used.

[0301] As in the case of forming the oxide semiconductor
film 530, an entrapment vacuum pump (such as a cryopump)
is preferably used in order to remove moisture remaining in a
deposition chamber used for forming the insulating layer 516.
The insulating layer 516 is formed in a deposition chamber
which is evacuated with a cryopump, whereby the concentra-
tion of an impurity in the insulating layer 516 can be reduced.
A turbo pump provided with a cold trap may be used as an
evacuation unit for removing moisture remaining in the depo-
sition chamber used for forming the insulating layer 516.
[0302] TItis preferable that a high-purity gas from which an
impurity such as hydrogen, water, hydroxyl group, or hydride
is removed be used as a sputtering gas for the formation of the
insulating layer 516.

[0303] Next, second heat treatment (preferably at a tem-
perature higher than or equal to 200° C. and lower than or
equal to 400° C., for example, at a temperature higher than or
equal to 250° C. and lower than or equal to 350° C.) is
performed in an inert gas atmosphere or an oxygen gas atmo-
sphere. For example, the second heat treatment is performed
at 250° C. for 1 hour in a nitrogen atmosphere. In the second
heat treatment, part of the oxide semiconductor layer (a chan-
nel formation region) is heated while being in contact with the
insulating layer 516.

[0304] As described above, the first heat treatment is per-
formed on the oxide semiconductor film, whereby an impu-
rity such as hydrogen, moisture, hydroxyl group, or hydride
(also referred to as a hydrogen compound) can be intention-
ally eliminated from the oxide semiconductor layer and oxy-
gen which is one of main components of the oxide semicon-
ductor and has been reduced through the step of removing the
impurities can be supplied. Accordingly, the oxide semicon-
ductor layer is purified and made electrically i-type (intrin-
sic).

[0305] Through the above steps, the transistor 510 is manu-
factured (see FIG. 8D).

[0306] When a silicon oxide layer having a lot of defects is
used as the insulating layer 516, heat treatment after forma-
tion of the silicon oxide layer has an effect in diffusing an
impurity such as hydrogen, moisture, hydroxyl group, or
hydride included in the oxide semiconductor layer to the
oxide insulating layer so that the impurity included in the
oxide semiconductor layer can be further reduced.

[0307] A protective insulating layer 506 may be addition-
ally formed over the insulating layer 516. For example, a
silicon nitride film is formed by an RF sputtering method. The
RF sputtering method is preferable as a formation method of
the protective insulating layer because it achieves high mass
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productivity. As the protective insulating layer, an inorganic
insulating film which does not include impurities such as
moisture and blocks entry of the impurities from the outside
is used; for example, a silicon nitride film, an aluminum
nitride film, or the like is used. In this embodiment, a silicon
nitride film is used as the protective insulating layer 506 (see
FIG. 8E).

[0308] In this embodiment, as the protective insulating
layer 506, a silicon nitride film is formed by heating the
substrate 505 over which components up to and including the
insulating layer 516 are formed to a temperature of 100° C. to
400° C., introducing a sputtering gas including high-purity
nitrogen from which hydrogen and moisture are removed,
and using a target of a silicon semiconductor. In this case, the
protective insulating layer 506 is preferably formed while
moisture remaining in a treatment chamber is removed, as in
the case of the insulating layer 516.

[0309] After the formation of the protective insulating
layer, heat treatment may be further performed at a tempera-
ture higher than or equal to 100° C. and lower than or equal to
200° C. in the air for longer than or equal to 1 hour and shorter
than or equal to 30 hours. This heat treatment may be per-
formed at a fixed heating temperature. Alternatively, the fol-
lowing change in the heating temperature may be conducted
plural times repeatedly: the heating temperature is raised
from room temperature to a temperature higher than or equal
to 100° C. and lower than or equal to 200° C. and then lowered
to room temperature.

[0310] As described above, the transistor including the
purified oxide semiconductor layer, which is manufactured in
accordance with this embodiment, is used, whereby current in
an off state (off-state current) can be further reduced. Accord-
ingly, in a driving method like that described in Embodiment
4, an electric signal such as an image signal can be held for a
longer time and a writing interval can be set longer. Conse-
quently, the frequency of refresh operation can be reduced,
which leads to a higher effect of suppressing power consump-
tion.

[0311] The size of a storage capacitor formed in a liquid
crystal display device is set considering the leakage current or
the like of a transistor provided in a pixel portion so that
electric charge can be held for an appropriate period. The size
of the storage capacitor may be set considering the off-state
current or the like of the transistor. In the case where the
transistor including a high-purity oxide semiconductor layer
described in this embodiment is used, it is satisfactory to
provide a storage capacitor having capacitance which is less
than or equal to ¥, preferably less than or equal to ¥5 with
respect to the liquid crystal capacitance of each pixel.
[0312] In addition, since the transistor including a purified
oxide semiconductor layer has high field-effect mobility,
high-speed operation is possible. Accordingly, by using the
transistor in a pixel portion of a liquid crystal display device,
a high-quality image can be provided. Accordingly, by using
the transistor in a pixel portion of a liquid crystal display
device, a high-quality image can be provided. By using the
transistor, a driver circuit portion and a pixel portion can be
separately formed over one substrate; thus, the number of
components of the liquid crystal display device can be
reduced.

[0313] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

Embodiment 7

[0314] An example of another material which can be used
for the semiconductor layers of the transistors in Embodi-
ments 1 to 4 will be described.
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[0315] A semiconductor layer included in a semiconductor
element can be formed using any of the following materials:
an amorphous semiconductor (hereinafter also referred to as
an “AS”) formed by a vapor deposition method using a semi-
conductor material gas typified by silane or germane or by a
sputtering method; a polycrystalline semiconductor formed
by crystallizing the amorphous semiconductor by utilizing
light energy or thermal energy; a microcrystalline semicon-
ductor; and the like. The semiconductor layer can be formed
by a sputtering method, an LPCVD method, a plasma CVD
method, or the like.

[0316] A microcrystalline semiconductor film can be
formed by a high-frequency plasma CVD method with a
frequency of several tens of megahertz to several hundreds of
megahertz or a microwave plasma CVD apparatus with a
frequency of 1 GHz or higher. Typically, the microcrystalline
semiconductor film can be formed using silicon hydride such
as SiH,, Si,Hg, SiH,Cl,, SiHCl,, SiCl,, or SiF,, which is
diluted with hydrogen. Alternatively, the microcrystalline
semiconductor film can be formed using a gas including
silicon hydride and hydrogen which is diluted with one or
more rare gas elements selected from helium, argon, krypton,
and neon. In that case, the flow ratio of hydrogen to silicon
hydride is 5:1 to 200:1, preferably 50:1 to 150:1, further
preferably 100:1.

[0317] A typical example of an amorphous semiconductor
is hydrogenated amorphous silicon, while a typical example
of a crystalline semiconductor is polysilicon or the like.
Examples of polysilicon (polycrystalline silicon) include so-
called high-temperature polysilicon which includes polysili-
con formed at a process temperature higher than or equal to
800° C. as a main component, so-called low-temperature
polysilicon which includes polysilicon formed at a process
temperature lower than or equal to 600° C. as a main compo-
nent, polysilicon obtained by crystallizing amorphous silicon
with the use of an element that promotes crystallization or the
like, and the like. Needless to say, as described above, a
microcrystalline semiconductor, or a semiconductor which
includes a crystalline phase in part of a semiconductor layer
can be used.

[0318] Inthe case of using a crystalline semiconductor film
for the semiconductor layer, the crystalline semiconductor
film may be formed by various methods (such as a laser
crystallization method, a thermal crystallization method, or a
thermal crystallization method using an element that pro-
motes crystallization, such as nickel). Further, when a micro-
crystalline semiconductor is crystallized by laser irradiation,
crystallinity thereof can be enhanced. In the case where an
element that promotes crystallization is not used, before an
amorphous silicon film is irradiated with laser light, the amor-
phous silicon film is heated at 500° C. for 1 hour in a nitrogen
atmosphere so that the concentration of hydrogen included in
the amorphous silicon film becomes lower than or equal to
1x10*° atoms/cm®. This is because, if the amorphous silicon
film includes much hydrogen, the amorphous silicon film
would be destroyed by laser irradiation.

[0319] There is no particular limitation on a method for
introducing a metal element into the amorphous semiconduc-
tor film as long as the metal element can exist on a surface or
the inside of the amorphous semiconductor film. For
example, a sputtering method, a CVD method, a plasma treat-
ment method (including a plasma CVD method), an adsorp-
tion method, or a method in which a metal salt solution is
applied can be employed. Among them, the method using a
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solution is simple and advantageous in that the concentration
of'the metal element can be easily controlled. At this time, an
oxide film is preferably formed by UV light irradiation in an
oxygen atmosphere, thermal oxidation, treatment with ozone
water or hydrogen peroxide including a hydroxyl radical, or
the like in order to improve the wettability of the surface of the
amorphous semiconductor film and to spread an aqueous
solution on the entire surface of the amorphous semiconduc-
tor film.

[0320] In a crystallization step in which an amorphous
semiconductor film is crystallized to form a crystalline semi-
conductor film, an element that promotes crystallization (also
referred to as a catalytic element or a metal element) may be
added to the amorphous semiconductor film, and crystalliza-
tion may be performed by heat treatment (at 550° C. to 750°
C. for 3 minutes to 24 hours). As the element that promotes
(accelerates) crystallization, one or more elements selected
from iron (Fe), nickel (Ni), cobalt (Co), ruthenium (Ru),
rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir),
platinum (Pt), copper (Cu), and gold (Au) can be used.
[0321] In order to remove or reduce the element that pro-
motes crystallization from the crystalline semiconductor
film, a semiconductor film including an impurity element is
formed in contact with the crystalline semiconductor film so
as to function as a gettering sink. The impurity element may
be an impurity element imparting n-type conductivity, an
impurity element imparting p-type conductivity, a rare gas
element, or the like. For example, one or more elements
selected from phosphorus (P), nitrogen (N), arsenic (As),
antimony (Sb), bismuth (Bi), boron (B), helium (He), neon
(Ne), argon (Ar), krypton (Kr), and xenon (Xe) can be used.
A semiconductor film including a rare gas element is formed
over the crystalline semiconductor film including the element
that promotes crystallization, and then heat treatment is per-
formed (at 550° C. to 750° C. for 3 minutes to 24 hours). The
element that promotes crystallization included in the crystal-
line semiconductor film moves into the semiconductor film
including a rare gas element, and thus the element that pro-
motes crystallization included in the crystalline semiconduc-
tor film is removed or reduced. After that, the semiconductor
film including a rare gas element, which serves as the getter-
ing sink, is removed.

[0322] The amorphous semiconductor film may be crystal-
lized by a combination of heat treatment and laser light irra-
diation. Alternatively, either heat treatment or laser light irra-
diation may be performed plural times.

[0323] A crystalline semiconductor film may be formed
directly over a substrate by a plasma method. Alternatively, a
crystalline semiconductor film may be selectively formed
over the substrate by a plasma method.

[0324] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

Embodiment 8

[0325] The appearance and a cross section of a liquid crys-
tal display device which is one embodiment of a liquid crystal
display device will be described with reference to FIGS. 5Ato
5C and FIG. 6. FIGS. 5A to 5C are each a top view of a liquid
crystal display device in which a transistor 4010 and a liquid
crystal element 4013 including a liquid crystal layer 4008,
which are formed over a first substrate 4001, are sealed
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between the first substrate 4001 and a second substrate 4006
with a sealant 4005. FIG. 6 is a cross-sectional view taken
along line M-N in FIG. 5A.

[0326] As a transistor in the liquid crystal display device
disclosed in this specification, the transistor described in any
of Embodiments 2 to 7 can be used. The transistor can be used
for a pixel portion and a driver circuit. Some or all of the driver
circuits using the transistor can be formed over a substrate
where the pixel portion is formed, whereby a system-on-
panel can be obtained.

[0327] In FIG. 5A, the sealant 4005 is provided so as to
surround a pixel portion 4002 provided over the first substrate
4001, and the pixel portion 4002 is sealed by using the second
substrate 4006. In FIG. SA, a signal line driver circuit 4003
and a scan line driver circuit 4004 which are formed using a
single crystal semiconductor film or a polycrystalline semi-
conductor film over a substrate separately prepared are
mounted in a region that is different from the region sur-
rounded by the sealant 4005 over the first substrate 4001.
Various signals and potentials are supplied to the signal line
driver circuit 4003 and the scan line driver circuit 4004 each
of which is separately formed, and the pixel portion 4002
from flexible printed circuits (FPCs) 4018a and 40185.
[0328] InFIGS. 5B and 5C, the sealant 4005 is provided so
as to surround the pixel portion 4002 and the scan line driver
circuit 4004 which are provided over the first substrate 4001.
The second substrate 4006 is provided over the pixel portion
4002 and the scan line driver circuit 4004. Consequently, the
pixel portion 4002 and the scan line driver circuit 4004 are
sealed together with a display element, by the first substrate
4001, the sealant 4005, and the second substrate 4006. In
FIGS. 5B and 5C, the signal line driver circuit 4003 which is
formed using a single crystal semiconductor film or a poly-
crystalline semiconductor film over a substrate separately
prepared is mounted in a region that is different from the
region surrounded by the sealant 4005 over the first substrate
4001. In FIGS. 5B and 5C, various signals and potentials are
supplied to the signal line driver circuit 4003 which is sepa-
rately formed, the scan line driver circuit 4004, and the pixel
portion 4002 from an FPC 4018.

[0329] Although FIGS. 5B and 5C each illustrate an
example in which the signal line driver circuit 4003 is formed
separately and mounted on the first substrate 4001, one
embodiment of the invention disclosed in this specification is
not limited to this structure. The scan line driver circuit may
be separately formed and then mounted, or only part of the
signal line driver circuit or part of the scan line driver circuit
may be separately formed and then mounted.

[0330] Note that there is no particular limitation on a con-
nection method of a separately formed driver circuit, and a
chip on glass (COG) method, a wire bonding method, a tape
automated bonding (TAB) method, or the like can be used.
FIG. 5A illustrates an example in which the signal line driver
circuit 4003 and the scan line driver circuit 4004 are mounted
by a COG method. FIG. 5B illustrates an example in which
the signal line driver circuit 4003 is mounted by a COG
method. FIG. 5C illustrates an example in which the signal
line driver circuit 4003 is mounted by a TAB method.
[0331] Further, a liquid crystal display device includes a
panel in which a display element is sealed, and a module in
which an IC or the like including a controller is mounted on
the panel.

[0332] Note that a display device in this specification
means an image display device, a display device, or a light
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source (including a lighting device). Furthermore, the display
device also includes the following modules in its category: a
module to which a connector such as an FPC, a TAB tape, or
aTCP is attached; a module having a TAB tape or a TCP at the
tip of which a printed wiring board is provided; and a module
in which an integrated circuit (IC) is directly mounted on a
display element by a COG method.

[0333] Further, the pixel portion 4002 which is provided
over the first substrate 4001 and the scan line driver circuit
4004 include a plurality of transistors, and the transistor
described in any of Embodiments 2 to 7 can be applied. FIG.
6 illustrates the transistor 4010 included in the pixel portion
4002, as an example.

[0334] Although not illustrated, a conductive layer may be
provided over an insulating layer so as to overlap with a
channel formation region of a semiconductor layer of a tran-
sistor for the driver circuit. The conductive layer is provided
so as to overlap with the channel formation region of the oxide
semiconductor layer, whereby the amount of shift in thresh-
old voltage of the transistor can be reduced. In addition, the
conductive layer may have the same potential as or a potential
different from that of a gate electrode layer of the transistor
and can function as a second gate electrode layer. The poten-
tial of the conductive layer may be GND or 0V, or the con-
ductive layer may be in a floating state.

[0335] In addition, the conductive layer functions to block
an external electric field, that is, to prevent an external electric
field (particularly, to block static electricity) from affecting
the inside (a circuit portion including a transistor). The block-
ing function of the conductive layer can prevent fluctuation in
electric characteristics of the transistor due to the effect of an
external electric field such as static electricity.

[0336] In FIG. 6, a connection terminal electrode 4015 is
formed using the same conductive film as a pixel electrode
layer 4030, and a terminal electrode 4016 is formed using the
same conductive film as a source electrode layer and a drain
electrode layer of the transistor 4010.

[0337] The connection terminal electrode 4015 is electri-
cally connected to a terminal included in the FPC 4018a
through an anisotropic conductive film 4019.

[0338] A columnar spacer denoted by reference numeral
4035 is obtained by selective etching of an insulating film and
is provided in order to control the thickness (a cell gap) of the
liquid crystal layer 4008. Alternatively, a spherical spacer
may be used.

[0339] In this specification, display is performed in the
liquid crystal display device by entry of outside light. There-
fore, light needs to be transmitted through at least a substrate,
anelectrode layer, and an insulating layer, which are provided
on the viewing side in a pixel region. Accordingly, the sub-
strate and the thin films such as the insulating layer and the
electrode layer which exist in the pixel region through which
light is transmitted all have a light-transmitting property with
respect to light in the visible wavelength range. On the other
hand, an electrode layer or film having reflectivity, a coloring
layer for display, and the like can be provided on a side
opposite to the viewing side.

[0340] Note that the second substrate 4006 side is the view-
ing side of the liquid crystal display device in FIG. 6.

[0341] A second common electrode layer 4031 is formed
using a light-transmitting conductive material. The pixel elec-
trode layer 4030 and a first common electrode layer 4051 may
be formed using a reflective conductive material or a light-
transmitting conductive material. Further, the pixel electrode

Nov. 24, 2011

layer 4030 or the first common electrode layer 4051 may be
formed using a conductive layer exhibiting black with the use
of a black conductive material to function also as a black
layer.

[0342] In performing white display, when the pixel elec-
trode layer 4030 or the first common electrode layer 4051 has
reflectivity, incident light is reflected to the liquid crystal layer
4008 side by the pixel electrode layer 4030 or the first com-
mon electrode layer 4051 even if the light passes through the
liquid crystal layer 4008 without being scattered; thus, the
light can be efficiently scattered in the liquid crystal layer
4008 and visibility of white display can be improved. On the
other hand, when the pixel electrode layer 4030 or the first
common electrode layer 4051 has a light-transmitting prop-
erty, display using a black layer (or a coloring layer) provided
under the pixel electrode layer 4030 or the first common
electrode layer 4051 (on the side opposite to the viewing side)
is not interrupted in the case where the liquid crystal layer
4008 is in a transparent state.

[0343] As a light-transmitting conductive material which
can be used for the pixel electrode layer 4030, the first com-
mon electrode layer 4051, and the second common electrode
layer 4031, for example, a light-transmitting conductive
material such as indium oxide including tungsten oxide,
indium zinc oxide including tungsten oxide, indium oxide
including titanium oxide, indium tin oxide including titanium
oxide, indium tin oxide (hereinafter referred to as ITO),
indium zinc oxide, or indium tin oxide to which silicon oxide
is added can be used.

[0344] As a reflective conductive material which can be
used for the pixel electrode layer 4030 and the first common
electrode layer 4051, for example, one or plural kinds of
materials selected from metal such as tungsten (W), molyb-
denum (Mo), zirconium (Zr), hatnium (Hf), vanadium (V),
niobium (Nb), tantalum (Ta), chromium (Cr), cobalt (Co),
nickel (Ni), titanium (T1), platinum (Pt), aluminum (Al), cop-
per (Cu), or silver (Ag); an alloy thereof; and a nitride thereof
can be used.

[0345] A conductive composition including a conductive
macromolecule (also referred to as a conductive polymer) can
be used for the pixel electrode layer 4030, the first common
electrode layer 4051, and the second common electrode layer
4031.

[0346] For the liquid crystal layer 4008 of the liquid crystal
element 4013, polymer dispersed liquid crystal (PDLC) is
used. Alternatively, polymer network liquid crystal (PNLC)
may be used. The liquid crystal layer 4008 may be formed
using a material and a method similar to those of the liquid
crystal layer 208 described in Embodiment 1.

[0347] Inthe liquid crystal layer 4008, when voltage is not
applied between the pixel electrode layer 4030, and the first
common electrode layer 4051 and the second common elec-
trode layer 4031, incident light is scattered by liquid crystal
grains dispersed in a polymer layer and the liquid crystal layer
4008 is opaque and clouded, thus, white display is performed.
On the other hand, when voltage is applied between the pixel
electrode layer 4030, and the first common electrode layer
4051 and the second common electrode layer 4031, an elec-
tric field is generated in the liquid crystal layer 4008, liquid
crystal molecules in the liquid crystal grains are oriented in
the direction of the electric field, and incident light is trans-
mitted through the liquid crystal layer 4008. As a result, the
liquid crystal layer 4008 is in a transparent state and the pixel
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electrode layer 4030 transmits light; thus, a black layer 4021
under the liquid crystal layer 4008 can be seen on a display
screen.

[0348] Inthisembodiment, the black layer 4021 is provided
and thus black display is performed; however, if a layer exhib-
iting a chromatic color such as a red layer, a green layer, or a
blue layer is used instead of the black layer 4021, display of
the chromatic color can be performed.

[0349] A structure body 4052 is provided over one of the
common electrode layers (in this embodiment, the first com-
mon electrode layer 4051 provided over the first substrate
4001) so as to project into the liquid crystal layer 4008 and the
pixel electrode layer 4030 is provided over the structure body
4052, whereby the pixel electrode layer 4030 can be posi-
tioned in the liquid crystal layer 4008.

[0350] By providing the pixel electrode layer 4030 in the
center of the liquid crystal layer 4008 sandwiched between
the first common electrode layer 4051 and the second com-
mon electrode layer 4031, a structure in which the following
two optical elements are stacked can be obtained: a first liquid
crystal element including the first common electrode layer
4051, the liquid crystal layer 4008, and the pixel electrode
layer 4030; and a second liquid crystal element including the
pixel electrode layer 4030, the liquid crystal layer 4008, and
the second common electrode layer 4031.

[0351] In the liquid crystal layer 4008, the liquid crystal
layer 4008 positioned between the first common electrode
layer 4051 and the pixel electrode layer 4030 is controlled by
an electric field generated between the first common elec-
trode layer 4051 and the pixel electrode layer 4030. The liquid
crystal layer 4008 positioned between the pixel electrode
layer 4030 and the second common electrode layer 4031 is
controlled by an electric field generated between the pixel
electrode layer 4030 and the second common electrode layer
4031. Since the thickness of the liquid crystal layer 4008 can
be increased by stacking the first liquid crystal element and
the second liquid crystal element, a high light scattering effect
can be obtained and favorable white display can be per-
formed. Further, the first liquid crystal element and the sec-
ond liquid crystal element are parallel to each other in a
circuit; thus, voltage for driving both the first liquid crystal
element and the second liquid crystal element can be the same
as voltage for driving one of the first liquid crystal element
and the second liquid crystal element.

[0352] Therefore, even when the thickness of the liquid
crystal layer 4008 is increased for favorable white display, the
liquid crystal molecules can be made to respond without
increase in the driving voltage of the liquid crystal elements.
Consequently, in the liquid crystal display device, improve-
ment in contrast ratio and reduction in power consumption
can be achieved.

[0353] A liquid crystal display device having higher vis-
ibility and image quality can be provided.

[0354] As described above, since liquid crystals are not
aligned in advance and incident light is not polarized in the
case of using polymer dispersed liquid crystal, an alignment
film and a polarizing plate are not necessarily provided.
[0355] Accordingly, since an alignment film and a polariz-
ing plate are not provided in a liquid crystal display device
using polymer dispersed liquid crystal, light is not absorbed
by the alignment film and the polarizing plate; thus, a bright
display screen with higher luminance can be obtained. High
light use efficiency leads to reduction in power consumption
ofthe liquid crystal display device. Steps and cost for provid-
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ing the alignment film and the polarizing plate can be
reduced, and thus higher throughput and lower cost can be
realized. In addition, rubbing treatment is unnecessary
because an alignment film is not provided; accordingly,
dielectric breakdown caused by the rubbing treatment can be
prevented and defects and damage of the liquid crystal dis-
play device can be reduced in the manufacturing process.
Thus, the liquid crystal display device can be manufactured
with high yield and productivity thereof can be improved. A
transistor particularly has a possibility that electric character-
istics of the transistor may fluctuate significantly owing to
static electricity and deviate from the design range. There-
fore, it is effective to use a polymer dispersed liquid crystal
material for a liquid crystal display device including a tran-
sistor.

[0356] For the first substrate 4001 and the second substrate
4006, glass, plastic, or the like having a light-transmitting
property can be used. As plastic, a fiberglass-reinforced plas-
tics (FRP) plate, a polyvinyl fluoride (PVF) film, a polyester
film, or an acrylic resin film can be used. In addition, a sheet
with a structure in which an aluminum foil is sandwiched
between PVF films or polyester films can be used.

[0357] A columnar spacer denoted by reference numeral
4035 is obtained by selective etching of an insulating film and
is provided in order to control the thickness (a cell gap) of the
liquid crystal layer 4008. Alternatively, a spherical spacer
may be used. In the liquid crystal display device including the
liquid crystal layer 4008, the cell gap which is a thickness of
the liquid crystal layer may be greater than or equal to 5 pm
and less than or equal to 30 um (preferably greater than or
equal to 10 um and less than or equal to 20 um.

[0358] The transistor may be covered with an insulating
layer 4020 and an insulating layer 4041 which function as
protective films; however, one embodiment of the invention
disclosed in this specification is not particularly limited to the
structure. In this embodiment, an insulating layer 4023 is
provided over the black layer 4021.

[0359] Note that the protective film is provided to prevent
entry of contaminant impurities such as an organic substance
floating in the air, metal, or moisture and is preferably a dense
film. The protective film may be formed by a sputtering
method to have a single-layer structure or a stacked-layer
structure using any of a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a silicon nitride oxide film, an
aluminum oxide film, an aluminum nitride film, an aluminum
oxynitride film, and an aluminum nitride oxide film.

[0360] Further, in the case of further forming a light-trans-
mitting insulating layer as a planarization insulating film, the
light-transmitting insulating layer can be formed using an
organic material having heat resistance, such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy. Other than
such organic materials, it is also possible to use a low-dielec-
tric constant material (a low-k material), a siloxane-based
resin, phosphosilicate glass (PSG), borophosphosilicate glass
(BPSG), or the like. Note that the insulating layer may be
formed by stacking plural insulating films formed using any
of these materials.

[0361] There is no particular limitation on the method for
forming the insulating layer having a stacked-layer structure,
and the following method can be employed depending on the
material: a sputtering method, spin coating, dip coating, spray
coating, a droplet discharging method (such as an ink-jet
method, screen printing, or offset printing), roll coating, cur-
tain coating, knife coating, or the like.
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[0362] An optical member (an optical substrate) or the like
may be provided as appropriate in the liquid crystal display
device.

[0363] Further, since the transistor is easily broken by static
electricity or the like, a protection circuit for protecting the
driver circuits is preferably provided over the same substrate
for a gate line or a source line. The protection circuit is
preferably formed using a nonlinear element.

[0364] In this manner, in the liquid crystal display device,
improvement in contrast ratio and reduction in power con-
sumption can be achieved.

[0365] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

Embodiment 9

[0366] A liquid crystal display device disclosed in this
specification can be applied to a variety of electronic devices.
Inparticular, the liquid crystal display device disclosed in this
specification, in which white is displayed by light scattering
and which has high image quality like a plane of paper, is
eye-friendly and can be favorably used as electronic paper.
Electronic paper can be used for electronic devices of a vari-
ety of fields as long as they can display information. For
example, electronic paper can be applied to an electronic
book reader (an e-book reader), a poster, an advertisement in
a vehicle such as a train, displays of various cards such as a
credit card, and the like.

[0367] The liquid crystal display device disclosed in this
specification may be applied to another electronic device such
as a digital photo frame or a mobile phone (also referred to as
a cellular phone or a mobile phone device). Examples of
electronic devices each including the liquid crystal display
device described in the above embodiment will be described.
[0368] FIG. 14A illustrates an electronic book reader (also
referred to as an e-book reader) which can include housings
9630, a display portion 9631, operation keys 9632, asolar cell
9633, and a charge and discharge control circuit 9634. The
electronic book reader illustrated in FIG. 14A has a function
of displaying various kinds of information (such as a still
image, a moving image, and a text image) on the display
portion, a function of displaying a calendar, a date, the time,
or the like on the display portion, a function of operating or
editing the information displayed on the display portion, a
function of controlling processing by various kinds of soft-
ware (programs), and the like. Note that in FIG. 14A, the
charge and discharge control circuit 9634 has a battery 9635
and a DCDC converter (hereinafter abbreviated as a con-
verter) 9636 as an example. When the liquid crystal display
device described in any of Embodiments 1 to 3 is applied to
the display portion 9631, an electronic book reader with
favorable visibility and low power consumption can be pro-
vided.

[0369] In the case where a reflective liquid crystal display
device is used as the display portion 9631, use under a rela-
tively bright condition is assumed; therefore, the structure
illustrated in FIG. 14A is preferable because power genera-
tion by the solar cell 9633 and charge in the battery 9635 can
be efficiently performed. Since the solar cell 9633 can be
provided in an unoccupied space (a surface or a rear surface)
of the housing 9630 as appropriate, the battery 9635 can be
efficiently charged, which is preferable. When a lithium ion
battery is used as the battery 9635, there is an advantage of
downsizing or the like.
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[0370] The structure and operation of the charge and dis-
charge control circuit 9634 illustrated in FIG. 14A are
described with reference to a block diagram in FIG. 14B. The
solar cell 9633, the battery 9635, the converter 9636, a con-
verter 9637, switches SW1 to SW3, and the display portion
9631 are illustrated in FIG. 14B, and the battery 9635, the
converter 9636, the converter 9637, and the switches SW1 to
SW3 correspond to the charge and discharge control circuit
9634.

[0371] First, an example of operation in the case where
power is generated by the solar cell 9633 with the use of
outside light is described. The voltage of power generated by
the solar cell is raised or lowered by the converter 9636 so that
the power has voltage for charging the battery 9635. Then,
when the power from the solar cell 9633 is used for the
operation of the display portion 9631, the switch SW1 is
turned on and the voltage of the power is raised or lowered by
the converter 9637 so as to be voltage needed for the display
portion 9631. When display on the display portion 9631 is not
performed, the switch SW1 is turned off and the switch SW2
is turned on so that charge of the battery 9635 may be per-
formed.

[0372] Next, an example of operation in the case where
power is not generated by the solar cell 9633 with the use of
outside light is described. The voltage of power accumulated
in the battery 9635 is raised or lowered by the converter 9637
by turning on the switch SW3. Then, power from the battery
9635 is used for the operation of the display portion 9631.
[0373] Note thatalthough the solar cell 9633 is described as
an example of a means for charge, charge of the battery 9635
may be performed with another means. In addition, a combi-
nation of the solar cell 9633 and another means for charge
may be used.

[0374] FIGS. 15A and 15B illustrate an example of a flex-
ible electronic book reader to which a liquid crystal display
device manufactured according to the above embodiment is
applied. FIG. 15A illustrates an opened electronic book
reader, and FIG. 15B illustrates a closed electronic book
reader. The liquid crystal display device manufactured
according to the above embodiment can be used for a first
display panel 4311, a second display panel 4312, and a third
display panel 4313. By application of the liquid crystal dis-
play device in which white is displayed by light scattering, the
electronic book reader can have higher visibility and lower
power consumption.

[0375] A first housing 4305 has the first display panel 4311
including a first display portion 4301, and a second housing
4306 has the second display panel 4312 including an opera-
tion portion 4304 and a second display portion 4307. The
third display panel 4313 is a double-sided display panel and
includes a third display portion 4302 and a fourth display
portion 4310. The third display panel 4313 is interposed
between the first display panel 4311 and the second display
panel 4312. The first housing 4305, the first display panel
4311, the third display panel 4313, the second display panel
4312, and the second housing 4306 are connected to each
other with a binding portion 4308 in which a driver circuit is
provided. The electronic book reader in FIG. 15A includes
four display screens: the first display portion 4301, the second
display portion 4307, the third display portion 4302, and the
fourth display portion 4310.

[0376] The first housing 4305, the first display panel 4311,
the third display panel 4313, the second display panel 4312,
and the second housing 4306 are flexible, and thus the flex-
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ibility of the electronic book reader is high. Further, when a
plastic substrate is used for each of the first housing 4305 and
the second housing 4306, and a thin film is used for the third
display panel 4313, a thin electronic book reader can be
obtained.

[0377] The third display panel 4313 is the double-sided
display panel including the third display portion 4302 and the
fourth display portion 4310. One-side emission type display
panels bonded to each other may be used as the third display
panel 4313. Further, the third display panel 4313 may be
omitted so that a two-page electronic book reader is obtained.
[0378] This embodiment can be implemented in an appro-
priate combination with any of the structures described in the
other embodiments.

[0379] This application is based on Japanese Patent Appli-
cation serial no. 2010-116014 filed with Japan Patent Office
on May 20, 2010, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate, the liquid crystal layer
comprising a polymer dispersed liquid crystal material;

a first common electrode layer provided between the first
substrate and the liquid crystal layer;

a second common electrode layer provided between the
second substrate and the liquid crystal layer, the second
common electrode layer having a light-transmitting
property; and

a structure body and a pixel electrode layer that comprise
an opening and are stacked between the first common
electrode layer and the liquid crystal layer,

wherein in the liquid crystal layer, the pixel electrode layer
is positioned between the first common electrode layer
and the second common electrode layer by the structure
body.

2. The liquid crystal display device according to claim 1,

wherein the pixel electrode layer has reflectivity.

3. The liquid crystal display device according to claim 1,

wherein the pixel electrode layer has a light-transmitting
property.

4. The liquid crystal display device according to claim 1,
further comprising a transistor between the first substrate and
the first common electrode layer,

wherein the transistor is electrically connected to the pixel
electrode layer.

5. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate, the liquid crystal layer
comprising a polymer dispersed liquid crystal material;

a first common electrode layer provided between the first
substrate and the liquid crystal layer, the first common
electrode layer having a light-transmitting property;
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a second common electrode layer provided between the
second substrate and the liquid crystal layer, the second
common electrode layer having a light-transmitting
property;

a structure body and a pixel electrode layer that comprise
an opening and are stacked between the first common
electrode layer and the liquid crystal layer, and

a coloring layer provided between the first substrate and the
first common electrode layer,

wherein in the liquid crystal layer, the pixel electrode layer
is positioned between the first common electrode layer
and the second common electrode layer by the structure
body.

6. The liquid crystal display device according to claim 5,

wherein the coloring layer is a black layer.

7. The liquid crystal display device according to claim 5,

wherein the pixel electrode layer has reflectivity.

8. The liquid crystal display device according to claim 5,

wherein the pixel electrode layer has a light-transmitting
property.

9. The liquid crystal display device according to claim 5,
further comprising a transistor between the first substrate and
the first common electrode layer,

wherein the transistor is electrically connected to the pixel
electrode layer.

10. A liquid crystal display device comprising:

a first substrate;

a first common electrode layer over the first substrate;

a structure body over the first common electrode layer;

a pixel electrode layer over the structure body;

a second common electrode layer over the pixel electrode
layer;

a liquid crystal layer sandwiched between the first common
electrode layer and the second common electrode layer;
and

a second substrate over the second common electrode
layer,

wherein the liquid crystal layer comprises a polymer dis-
persed liquid crystal material.

11. The liquid crystal display device according to claim 10,

wherein the structure body and the pixel electrode layer
comprise an opening.

12. The liquid crystal display device according to claim 10,

wherein the first common electrode layer and the second
common electrode layer have a light-transmitting prop-

erty.

13. The liquid crystal display device according to claim 10,

wherein the pixel electrode layer has reflectivity.

14. The liquid crystal display device according to claim 10,

wherein the pixel electrode layer has a light-transmitting

property.

15. The liquid crystal display device according to claim 10,
further comprising a transistor between the first substrate and
the first common electrode layer,

wherein the transistor is electrically connected to the pixel

electrode layer.
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